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5 RETROVIRAL PROTEASE INfflBITORS 

BACKGRnTIND OF THR TMVPlsm^ltf 

This invention idatcs to compounds which are inhibitois of aspartic proteases, 
particulariy of l e tro vli uses. 
10 Retroviruses, that is, viruses within the fanuly of Retroviridae, are a class of viruses 

wWch transport thdr genetic material as ribonucleic add rather than deoxyribonucleic acid. 
Also known as RNA-tumor viruses, their presence has been associated with a wide range 

of diseases in humans and adiiuds. They are believed to be the causative agents in 
pathological states associated with infisction by Rous sarcoma virus (RSV), murine 

15 leukemia vinis(MLV),n»usemamniaiymmor virus (MNOV). Mine leuke^ 

(FeLV), bovine leukemia virus (BLV), Mason-Pfizer monkey virus (MPMV), shxiian 
sarcoma vims (SSV), simian acquired nnraunodeficiency syndrome (SAIDS), human T- 
lymphotropic virus (HTLV-I, -II) and human immunodeficiency virus (HTV-l, HrV-2). 
which is the etiologic agent of AIDS (acquired mmunodeficiency syndrome) and AIDS 

20 related complexes, and many otfiers. Although the pathogens have, in many of these cases, 
been isolated, no sarisfectoiy method for treating this type of infection has been developed. 
Among these viruses, die HILV and HIV have been especially well characterized. 

Critical to ti» replication of retroviruses is die production of functional viral 
proteins. Protein syntiiesis is accompUshed 1^ translation of die open reading fhraies into 

25 polyprotein constructs, coiiesponding to die gag, iffll and m reading frames. The gag and 
BQl precursor proteins, are processed by a viral protease into die functional proteins. The 
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mV-l pio^ase has been classified as an aispartic acid protease (Meek et aL, frQg, Nfit!, 

.Sci lJSA: ^ 1841 (1989)). The proteolytic activity provided by the viral protease 
in processing tiie polyproteins cannot be provided by the host and is essential to the life 
cycle of die rctiovfrus. In fact, it has been demonstrated tiiat retroviruses whidi lack die 
5 protease or contain a mutated form of it» lack infectivi^r. See Katoh et aL, yiyplpgy, 145, 
280-92(1985), (iawford, et aL, J. ViroL. 53, 899-907(1985). Debonck. et aL, Prpg, Nat}, 
Acai.Sa !^-^^ 84, 8903-6(1987)- Inhibition of tciroviral protease, tfierefiore, presents a 
metfacd of therapy fnr retroviral disease. 

Metiiods tp express retrovual proteases in E. coli have been disclosed (Debouck, et 
10 ftl Pine, ^fltl. AcaA. Sci. USA> 8903-06(1987) and Tomasselli et al., Piochginistryt 22. 
264-9 (1990) andrefs. tfaerdn). 

Mibiiors of reconibinant HIV protease have been r^orted (Dreyer et al., Proc, 
ma. Acad. Sci,USA. 86, 9752-56 (1989); TomasselK et aL supra: Roberts et al., Science, 
248. 358 (1990); Rich et al.. L Med. Chem.. 2i 1285-88 (1990); Sigal et al., Eur. Pat. 
15 AppL No. 337 714; Dreyer et aL Eur. Pat AppL No. 352 000). Moreover, certain of these 
inhibitors have been shown to be potent inhibitors of viral proteolytic processing in cultures 
of HIV-l infectediviymphocytes (Meek et al^ Nature rLondon^. m 90 (1990) and by 

Roberts etaLsQuaX 

The Hnutations cif current strategies for aspartic protease inhiUtion include (1) oral 

20 bioavailahility; ^) plasma clearance fifetimes (e.g.. tiuough biliacy excretion or 
degradation); (3) selectivity of inhibition; and (4) in die case of intracellular targets, 
inanbrant petmealnlity or cdlular uptake. The present invention relates to a new inhibitors 
cf retroviral and aspartic proteases. Unlike previously described inhibitors, die 
compounds of tius invration are not analogues of peptide substrates possessing a scissile 

25 dipeptide mimetic* They abo deviate substantially finom peptide substrate-like structure in 
that they do liot possess a conventional anuno-to-carb(»^l temunus orientation. 

• SUMMARY OFTTO FTOfnON 
This invoition comprises compounds having the stmctures particularly pointed out 
30 in die claims and described hereinafter which bind to retroviral proteases. These 

confounds are inhibitors of viral protease and are useful for treating disease related to 
infection by viruses. 

This invention is also a pharmaceutical composition, which cornprises an 
aforem»tioned oondpound and a pharmacetitically acceptable carrier therefca*. 
35 This invention furdier constitutes a method for treating vnal diseases, which 

comprises adrriiiusteii^ in need diereof an effective amount of an 

aforementioned ii^bitorooiripound. 
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The conipouiuls of this invention have the Structure I or 11; 



HO O 

5 I n 

wherein Xl and are the same or different and are A-OBV where n = 0-2; and 

B is, indq)cndently, an a-anrino acid chosen ftom the group: Ala. Asn, Cys, Tip. 
Gly, Gin, He, Leu, Met, Phe, Pro, Ser, Thr, Tyr, Val, His, or trifluoroalaninc, wherein the 
amino group of B is bonded to A or the cari)oxy group of the adjacent residue B, whichever 
10 is appropriate, and the carboxy group of B is bonded to the amino group of die adjacent 
residue B orlor n, whichever is appropriate; and 

A is covalenfly attached to die amine group of the adjacent residue B or to the amine 
group of I or n if n=0, and is: 
1) ttityl, 
15 2) hydrogen, 

3) Ci-Cealkyl. 

4) R3-C0. wherein r3 is: 

a) hydrogen, 

b) Ci - Cg alkyl, unsubsdtuted or substimted with one or more 
20 hydroxyl groups, chlorine atoms, or fluorine atoms, 

c) phenyl or naphthyl unsubsdmted or substimted with one or more 
substituents R^, wherein R^ is: 

i) C1-C4 alkyl 

ii) halogen, whrdn halogen is F, Q, Br or I, 
25 iii) hydroxyl, 

iv) nitro, 

v) Cj - C3 alkoxy, or 

i) -CO-N(R10)2 wherein RlO is, independendy,H or Ci-C4 alkyl; 

d) a 5-7 nwmber heterocycle such as pyridyl, fiiryl, or benzisoxazolyl; 
• 30 5) phdialoyl wherein the aromatic ring is unsubsdtuted or substituted with one 

or more substimtents R^ 

6) R5(R6r7c)j^-cO- wherein m = 1-3 and r5. r6 and r7 are independentiy: 

a) hydrogen, 

b) chlorine or fluorine, 

35 c) Ci - C3 alkyl unsubsdtuted or substituted widi one or more chlorine 

or fluorine atoms or hydroxyl groups. 
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d) hyditjxyl, 

e) phenyl or naphdiylunsabstituted or sobstiuted with one or mote 

sabstitotents R"^. 

0 Cj - C4 alkoxy, 

5 g) aS-Tmembo'heteiocyclc 

h) R^, R^, andR'7 may be independently joined to fiann a monocyclic, 
Upydic, or tricyclu: ring systnn each ring 0^ which is C3-C6 (^cloalkyl; 

7) R5(R^7C)niW- wherein m « 1-3 and W is OCO or SO2 and r5, r6 and 
R^ are as defined ilbove, except R^, R^, and R'' are not chlorine, fluorine or hydio^Qrl if 

10 ih^area^aoenttoW; 

8) R8i.W'>-wherdnRSisa5-7memberheterocyclesuchasiQ^yl,iiiiyl.<s- 

benzisoxazx^ 

9) r9-W> wherdn R^ is phoiyl a: mq)hthyl unsnbstitated or subsdtuted with 

one or more substituents R^ 
15 10) R5,.(R6R7C)ni-P(0)(ORl h- wherein r1 1 is Ci - C4 alkyl or phenyl; 

11) R8-P(0)(ORll)-;or 

12) r9j>(0)(0R11)-; 

R^ and r2 are the same or dififerent and are: 
1) <H2R12 wherein r12 is 

20 a) . NH-A wherein A is (tefined as above; 

b) r5^6r7q^; 

c) R5;<R6R70n,V- wherein V is O or NH, except r5,r6 and r7 are 

not hydroxy^ chlorine or fluorine if they are adjacent to V, 

d) R5^6R7Oin-S(0)n- wherein m = 1-3 and n = 0-2 and r5, r6, 

25 and R7 are as defined above except R^, R^, and R'^ are not hydroxyl, chlorine or fluorine if 
diey are adjacen to sulfur, 

e) R8-S(0)n-. 

f) r9-S(0)„-. 

g) (R130)P(0)(0R14> wherein r13 and rI^ are, independently: 
30 i) Ci-Cealkyl, 

ii) C3-C6cyctoalkyl, 

iii) H, 

iy)R*. 
V) r8. 

35 h) Rl3p(0)(ORl4)-, 

i) N(RlO)2. 
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j) NR15r16 wherein RlS and Rl6 are joined to fcxrm a 4-6 membered 
saturated nitrogenous heterocycle including: 

i) azetidinyl, 

ii) pynolidinyl, 
5 iii) piperidinyl, 

iv) moxpholinyl, 
k) r170CH20 wherein r17 is: 

i) Ci-Cealkyli 

ii) R9 

10 iii) CH2Ar wlietein Ar is phenyl, n^hthyi or a 5-7 membered 

heterocycle, 

D r170CH2CH20CH2, 

m) N-imidazolyl where the imidazole ring is unsubstituted or substituted 
by a subsdtuent R^, 

15 n) N-Benzimidazolyl where die fused benzene ring is unsubstituted or 

substituted by one or more substituents R^, 

o) C2 • Cg alkynyl, optionally substituted witii one or more groups R^; 

or 

p) C2 * Cg alkenyl, optinally substituted with one or more gropus R^; 
20 2) hydrogen, 

3) Ci - C6 B&yh unsubstituted or substituted witii one or more chlorine or 
fluorine atoms or hydroxyl groups, 

4) C3 - C7 cycloalkyl; and pharmaoratically accq)table salts tiiereof . 

Peptide conqxmnds of die foregoing description are prefmed v^ich are C2 
25 symmetric wherein X^sX^, and Ri«R2. 

Suitably die compound has structure I and Ri - R^ and Xi sX2. 
Suitably R^ and R2 are Ci-C^alkyL Preferably R^ and R2 are benzyl. 
Suitably XI and X2 are AlaAla, Val, Cbz-Val, Cbz or hydrogen. Preferably X^ 
andX^areCbz-VaL 

30 The compounds of this invention are useful in the manufacture of a medicament, in 

particular, for a medicament for treating infection by retroviruses. 

C2 symmetric peptide compounds wherein Ri and R2 are Ci-Cg or aralkyl 
and X^ and X^ are single amino acids or mono- or dipeptides; these groups may be 
terminally substinited by common acyl groups or blocking groups commonly used in 

35 peptide synthesis, such as t-Boc or Q>z, are also preferred. 
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Also included in invendon axe pharmaceudcally acceptable addidon salts, 
complexes or pnxirugs of the compounds of this inveiidon. Prodrup are considered to be 
any covalendy bonded earners which release die paroit drug. 

As used herein except where noted» the term "aU^l" refers to a straight or branched 
5 chain allgrl radical of die indicated number of carbon atoms including, but not limited to, 
mctfiyl, ethyl, n-inopyl, isqpippyl, n-butyl, sec-butyl, tcrt-butyl, n-pentyl, 1-mediylbutyl, 
2,2-dimediylbut/l« 2-mediylpenQrI, 2,2-dimediylpropyl, n-hexyl, and die like; "alkoxy" 
vqircsents an alkyl group pi die indicated number of carbon atoms attached through a 
bridging oxygen atmn "cydoalkyl'' is intended to include staurated ring groups, such as 

10 cydopcapyl, cyclobuiylt cyclofpcatyh cydohexyl and cyclohqnyl; "aUcenyl" is meant to 
include ddier strai^t or branched hydrocarbon diains containing one or more carbon- 
carbon double bonds which may occur at any stable point along the chain, such as edienyl, 
propenyl, butenyl, pentenyU 2-mediyl propenyl, and die like; "alkynyl" refers to either a 
straight or branched hydrocarbon chain or the indicated number of carbon atoms which 

15 contains a carbon-carbon triple bond which may occur at any stable piont along die chain, 
such as ediylyl, 2-pn)pynyl, 2-butynyl, 4-pentynyI, 2-methyl-3-propynyl, and the like. 

As used herdn cspcept ^erc noted, die term "heterocycle" rqnesents a stable 5- to 
7«membered monb- or bicydic heterocyclic ring, istiuch is dtfiersatureated or unsaturated, 
and iKdddi CQiisists of carbon attiq^ 

20 group consisting of N,, I and S » and wherein the nitrogen and sulfur he teroatoms may 
qidonally be oxidized, and Ae nitrogen heteroatom may opdonaliy be quatemized, and 
induding any bi^clic group in whidi any of die above-defined heterocyclic rings is fused 
to a benzene ring. The heterocyclic rings may be attached to any heteroatom or carbon atom 
which results in die creation of a stable structure. Examples of such het^Dcyclic elements 

25 including piperidinyl, piperazinyl^ 2-oxqnnerazinyl, 2-oxopiperidinyl, 2-oxopyrrolodinyl, 
2-oxoazepinyl, azepinyl, pyrrolyl, 4-piperidonyl, pynolidinyl, pyrazolyl, pyrazolidinyl, 
inudazolyl, pyridyl, pyrazmyl, pyrimidinyl, prydiaanyl, oxazolyl. isoxazolyl, moipholinyl, 
diiazolyl, quinucliduiyl, indolyl, quinolinyl, isoquinolinyl, benzimidazolyU benzopyranyl, 
benzoxazoyly, furyt tetrahydrofuryl, tetrahydrophyranyl, diienyl, diiamorpholinyl 

30 sulfoxide, thiamoipholinyl sufone, and oxadiazolyL 

When ainy variable (e-g,, A, B, Rl, r2, r3 r17^ heterocycle, substinited 

phenyl, etc) occurs more dian one time in any consdtuent or in formula I or II, its 
definition cm each occurence is independent of its definition at every odier occurence. Also, 
condnnation of isubsdtuents aiul/or variables are pennissible only if such combfaiations 

35 result in stable conq^unds. By convention used herdn, a gemind diol, for example when 
R6 and R7 are siindtandously hydrowyl, is meant to be equivalent with a carbon-03qrgen 
double bond. 
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Other abbreviations and symbols commonly used in the ait used herein to describe 
die peptides include d» Mowing: 

^pOfUCid three IttftTCTdg AOMlAQd three letter code 

Alanine Ala Leucine Leu 

Aijinine Aig Lysine Lys 

Asparagine Asn Mediionine Met 

Aq)articAcid Asp Phenylalanine Phe 

Cysteine Cys Pioline Pro 

Ghitamine On Serine Ser 

GIutainnicAcid Glu Threonine Hu- 

$5^^® ®y •Hyptophan Tm 

nistidme Ifis iViosine Tyr 

Istdeudne He \Uuie w 

AqMBaginecrAspazticAcid Asx 

CHutamuie or Glutamic Acid Glx 

5 lnaccaidancewidiconventi(maliq)resentation,dieammotenmnusisondieleft 
anddwcarboxytenninusisoadierighL All cMral amino adds (AA) can occur as 
laoemates, lacemic mixtures, or individual enantiomers or diasteri(»ners. widi all isomeric 
foims bang indnded in the present invention. p-Alareftis to 3-aniinopropandcac^ Boc 
refos to the t-butylo)7caibonyl radical, Cbz rrfers to die carbobenzyloxy radical, i-Bu 

0 refers to isobutyl, Ac refers to die acetyl, Ph refers to phenyl, DCC refers to 

. dicydohexylcarbodiimide, DMAP refers to dimetiiylaminopyridine, HOBT refeis to 1 - 
hydroxybcnzotriazole, NMM is N-methylmoipholine, DTT is didiiothreitol, EDTA is 
cdiylenediamine tetraacetic add, DEA is diisopropyl ethylamine, DBU is 1, 8 diazobicyclo 
[5.4.0] undec-7-ene, DMSO is dunethylsulfoxide, DMF is dimethyl foimamide and THF is 

5 tetrafaydnrfiiran. HF refers to hydrofluoric add and TFA refers to ffifluoroacetic add. 

The pqitide moieties denoted by and are generally dipeptides or smaller. 
However, tonger peptides whkh enoonqnss die residues defined herein are also believed to 
be active and are considered widiin tiw scope of diis inventicn. 

The sdection of revues or end groins may be used to confer fevwable 

D biochemical or phyaco-dionical properties ID die compound. Theuseof hydiophilic 
readitts may be used to confer dearable solubility properties or D-amino adds at die 
carboxy terminus may be used to confer resistance to exopeptidases. 

Syndiesis of componds I in which Rl = r12cH2, R1 = r2 and Xl = x2 is 
achieved from D.(+)-arabitol (Schemes 1-2). Thus, D-(+)-arabitol is convened to 1,2:4,5- 

5 Dianhydro-3-(0-benzyl).D-(+).arabitol (10) as described by S Schreiber. T. Samnakia 
and D.E. Uehling, J. Org. Thftm 54, 15-16 (1989). The diepoxide 10 can then be reacted 
wiflj NaN3 in DMF to provide die resulting dihydroxy terminal diazide, which is converted 
10 die protected diaziridine, 1.2:4,5-Di-(N-ben^loxycari)onylimino)-3-(0-benzyl)pentanol, 
by dime^lation of die dihydroxy terminal diazide followed by reduction widi UAIH4 with 
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concoxnmitant diaziridine fonnadcHi followed by reaction witli benzylchloiofonnate. The 
itsulting diaziridine is reacted widi q)piopriate nucleophiles such as (CH3)2CuLi, to 

introduce tiie side-chain groups (Scheme 1). This procedure is especially suited to the 
preparation of compound I v/hpit r1 = CHi^^^ where R^^ is hydrogen or is a group that 
5 fijnns a staWe and reactive cuprate reagent, such as methyl, butyl, isopropyl, or other alkyl, 
alkenyl or aryl which is optionaSy substituted, for example widi fluorine or alkoxy or 
protected hydroxy!. 

V Atonadvely, pompounds represented 1^ formula I in which = r12cH2, R^ » 
r2, and X^ «^can beprq>axed&cmitiiediqK>xide 10 by reaction with appropriate 

10 carbon nucleoplules such as cuprate reagents (Rl2)2CuLi or allgoiylaluminum reagents to 
introduce the side-cfattn groups R^ (Scheme 2). This procedure is also especially suited to 
die preparation of compound I whae R^ = CH2R^2 where R^^ is a group tiiat forms a 
stable and reactive ciqmite reagent, as described above. The resulting diol product is 
converted to the cdtxeisponding diamine with inversion of configuration at die alcohol 

15 carbons. One way in which tius is accomplished is via conversion of the 

dimesylate, by reaction with metiianesulfonyl chloride and triediylamine, followed by 
displacement witii NaN3 in DMF to provide the substituted 2,4K!iazido-3- 
benzyloxypentane; conversion tt> die 2,4-diamino derivative follows by reduction witii a 
hydride reagent such as LiA IH4 or by catalytic hydrogenation widi a catalyst sudi as Pd(0) 

20 or Ranqr*Ni to provide die core structure I (Schooe 2). Introduction of die groups = 
X2 is aocoo^Iished Jby standard condensation reactions as are well known in die art 

Compound I in which R^^ is NH-A can be prepared from die diepoxide 10 by 
reaction with NaN3 DMF to provide die resulting dihydroxy teraunal diazide, which is 
converted to the corresponding tetraazide with inversion of configuration at the alcohol 

25 carix>ns as described above, and suteequendy to the con:espondingtetraamine. Selective 
reaction of die tenninal amines witii groups A or widi protecting groups such as Boc or Cbz 
is dien followed by introdution of die groups Xl = X2. In a related fashion, oups r1 = 
r2 in compounds I in which r1 is N(R10)2, NR15r16 r5.(r6r7c)jjjV. or 
r5(r6r7Qj^.S(0)ji- can be introduced by reaction of diepoxide 10 widi die appropriate 

30 oxygen, nitrogen, or thiol nucleophile, widi subsequent diiol oxidation as necessary; 
reaction of diepoxide 10 widi the appropriate phosphoms nucleophile in an. Arbu2X)v or 
\Gchaelis-Aibu2Dv teaction altows introduction of gropus R^ = R^ which are 
(Rl30)P(0)(pRl4), or r13P(O)(0RW)-. 

Alteniatiydy, compounds represented by I can be prepared from proteaed alpha- 

35 amino aldehydes P0NHCH(R^)CHO. The reqmred N-protected alpha*amino aldehydes are 
readily prepared fit^ die respective N*prptected alpha-amino acids p2NHCH(R^)CX)2H, 
for exan^le by reduction of the conesponi^ng esters widi diisobutyl aluminum hydride, by 
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10 



15 



20 



reducuon of the derived N-mcthyl. N-methoxy anudes P2NHCH(Rl)C0Nine(0Me) with 
I-^(FehrentzandCastro.5Mte6^^ 

alpha-amino alcohol foDowed by oxidation widi DMS0.(CX)a)2 or SOs-pyridine (Review 
JuiczakmdGoIebiowski.£hfini£sYJ2. 149(1989)). Generally the amino protecting 
groin,. P2. is t-Boc-. Cbz., p-toluenesulfonyl or another standard protecting group chosen 
as wen known in die peptide art. Hie syntiiesis of I proceeds via preparation of an 
fetemediate gra(Rl)CH(OH)CH(R2)C(3Q by aldol condensation witii an acyl 
deiwativc.R2CH20CXiunderthecondirionsofEvansetal.(Evans.EnmsandMati,re L 

104. 1737-39 (1982); Review: Evans. Nelson and Taber. in JamsnR 
StCTBWhrml^ny VoL 13; Allinger. EKel. Wilen. eds.; Wiley. 1982; pp 1-114) where Q is 
achiralauxiliaiyasedtodiiectihesteteochemicaloutoome^^ 
die oxazolidinonc derived ftomvalinol. norephedrine, or phenylalanoL Hydroxyl 
protection >^ a protecting group pl such as TBDMS or benzyl and subsequent hydrolytic 
removal of the group Q yields die intcmicdiate P2NH(Rl)(3I(Opl)CH(R2)C(52H. whfch 
is subjected to Curtius rearrangement (Reviews: Banthoq*. in Patai. "The Chemisiiy of the 
/^^Group." pp. 397-405, Interscicnce Publishen;. NY. 1971; SmiUi. Qs&JB^ 3 
337-449 (1946)) to provide the compound p2NH(Rl)CH(OPl)C3i(R2)NH2 which is 'an 
imsymmetricaUy protected fom. of I. TOs route is versatile in that it allows access to all 
steTMSomers of coi^ands I and to unsymmctrical compounds I. in which Rl. r2 ^ 
dififeient and Xl, x2 are different 

Synthesis of compounds represented by foimula n is achieved by oxidation cif the 
wnittal hyAoxyl group wfthin the conesponding compounds I. as is well known in tiie an. 
Useful oxidation reagents include, but are not limited to. Jones Reagent. (CX)a)2.DMS0, 
pyridinium dichromate. and pyridinium chlorochromate. 
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Eitfier enantibmer of ccmqwiinds of sthictn^ 
TB^iectiveenaiiticnnerofanibitoIl^diep^^ 1-2. 

Scheme 1 
Synthesis of I 

1) p-TsCI 

HO OH 

\ £ 2)NaH.DMF ^ JJq 

HO BnO 
D(+)-AraWtol Bn- benzyl 

1) NaN3. 0MF 

2) MsCI. @3N Cte-N^^^^^N-Cbz (R^aCuU 



3) LIAH4 

4) Cbz-CI 



BnO 




X^HN-'^I^^NHXZ ^ X^HN^Y^NHX2 

OBn HO 



I 



Scheme 2 

10 Synthesis of I 




1) MsCI. EtaN 



"•^-^ , HO-'V^OH Jil^^ 

BnO BnO 3) LiAIH4 



10 



Bn«benzyl 

R' R* f f 




X^HN'^'^Y'^^^ ^ X'HN^^- ^NHX2 

OBn HO 

I 
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Accordingly, in another aspect, tiiis invention is a process for preparing a 
conqKKuid of die fonnula: 

R' R' 

R^'R-N'^^^^y^NR-R'^ 
5 OR" 
\i^>erein R' is 

1) a) NH-A wherein A, R^- RlO and m are as defined for fcmnula I; 

b) R5^6R7q)^; 

c) R5-(r6r7q„ V- wherein V is O or NH, ejccept r5 r6 and R7 are not 
10 hydroxyl, chlorine or fluorine if they are adjacent to V, 

d) R5-(R6R7q)„.s. wherein m = 1-3. and r5, r6, and r7 are as defined 
above except R^. R^, and r7 are not hydro^Qrl. chlorine or fluorine if th^ are adjacent to 
sulfur, 

c) R8-S-, 

15 £) r9.S.. 

g) (R13o)P(0)(OR14). wherein r13 and r14 are, indqjendenUy: 

i) Ci-Cgalkyl. 

ii) C3-CgcycloaIleyl, 

iii) H, 

20 iv) r9 or 

V) r8 

h) r13p(0)(0RW)., 

i) N(RlO)2. 

j) NR15r16 wherein r15 and R^^ are joined to fiam a 4-6 membeied 
25 sannatednittogaisheterocycleincluduig: 

i) azeddinyl, 

ii) pynolidinyl, 

iii) piperidinyl, or 

iv) moipholinyi, 

30 k) R17oCH20 wherein r17 is: 

i) Cl.c6alkyl. 

ii) R9,or 

iii) CH2Ar wherein Ar is phenyl, naphthy! or a 5-7 membered 

hetero^de, 
35 1) Rl70CH2C3l20CH2, 
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m) N-imidarolyl where the imidazole tiiig is unsubstitated or substituted by 

asubstitnoit 

n) N-benzimidaalyl where the fused benzene ring is unsubstituted or 

sabstitnted by one or inore substituents R*, - 
5 o) C2-C6 alkynyl, optionaUy substioited widi one or more groups R''; or 

P) C2-C6 alkwiyl, optionally substitoted widi one or more groups R^; 

2) hydrogen. 

3) Ci-Ce aUtyl' unsubstituted or subsrinited with one or more chlorme orfluorme 

atoms or hydroxyl groups, or 
10 4) C3-C7cydoalkyi, 

R" is a hydroxyl protecting group, and 

R"' and R** axe hydrogen, an anrino-protecdng group or taken together are N2. 
which conqnifes 

1) reacting a compound of the ftamula: 



15 



R"0 



witit a compound R*-Z. wherein Z is a mdety which renders R' nucleophiUc, and R" is a 
hydroj^l protecting group, 
20 2) converting die resulting hydroxy groups to displaceable groups. 
^) reacting die displaceable groups with a nitrogen nucleophile. 

Hydroxyl protecting groups are tiwse groups which are commonly used in the art to 
mask tiie reactivity of die hydroxyl group, while also capable of being selectively removed 
to regenerate die hydroxyl group. Typically, die oxygen-hydrogen bond is replaced by an 
25 oxygen-caibbn bond. Useful hydroxyl protecting groups ere describcdin Greene. T.W., 
PptT ^v. ntr^nm in Oro^nir. Synthesis. John Wiley & Sons, New Yoric (19&1). but many 
odiersareweUknown intiiean. The axylmetfiyletfiers. substituted or unsubstituted, are 
one particularly usefiil dass of groups for protecting die hydroxyl group. The benzyl 
protecting group, optionally witii substituents upon die aryl ring, is usefuL 
30 Typically Z is hydrogen, an alkali metal, such as U Na or K. or an eardi metal, 

such asmagoesiam. or a transition metal, such as copper, aluminum, titanium, zinc or 
cadmium, or a species derived fliereftom. Representative of R'-Z are optionally subsrinited 
alkyi, aryl orheteioaryl Ufliium, alkyl, aryl or heteroaryl magnesium halides (eg. Grignard 
reagents), Uthium dialkyl cuprate, lithium diaryl cuprate, or die alkaU metal salts of 
35 optionanysubstimfedalkylalcohols,phenolsorbenzylalcohols. Utiiium diphenyl cuprate 

is espedaliy useful. 
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10 



The hydioxyls are convened to suitable displaceable groups, such as mesylate, 
tosylate,hiDsylate,bwizoate, acetate and halide, by nwthodscon^ Thetosyl 
group is especially suitable and is finned by reacting the hydioxyl groups with tosyl 
dil<nide, for instance. 

Suitable nitrogen nuclcophiles arc those which are able to react with a displaceble 
group. Unhindered organic amines or heterocyles, metal salts of amines, heterocycles or 
azide are useful. Generally an nitrogen containing group of Ae fimnula R'"R'vN-Z, 
wherein Z is as defined above and R- and R'' are hydrogen, an amino-protecting group or 
taken togetha are N2 (eg. azide) are useful. A metal aride, such as sodium or potassium 
aade, is preferable. Subsequent reduction of tiie a^ groups provides amino groups. 
Particularly usefid intermediate conqxMnds of tins invention are: 

OR" OR" R-0 

m IV V 

15 wherein R' and R" are as defined above. 

The conqxMmds of tiiis invention are prepared by die solid jdiase technique of 
. Mcnifield (f. Am, Chcm. SoTm SL 2149 (I964X or preferably by solution metiiods 
known to die art A combination of solid phase and solution synthesis may be used, as in a 
convergent syndiesis in which di-. tri-, or tetra-peptide fragments may be prepared by soKd 
20 phase syndiesis and eiflier coupled or fimher modified by solution syndiesis. The metiiods 
of peptide syntiiesis generally set fonh in J. M. Stewart and J. D. Young, "Solid Phase 
PfeptidcSynthglyis". Pierce Chemical Company, Rockford, D (1984) or M. Bodonsky, 
YJi. Khuiser and M. A. Ondetti, "Pentirie Svnfh«.ri«" John Wiley & Sons, Inc.. New 
York, N.Y, (1976), or The Peptides" gross and Meienhoffer, eds.; Acad. Press, 1979, 

25 Volsl-ntnuiybeusedtoproducediepeptidesoftftisinventionandareincorpoiatedherein 
by reference. 

Each amino add or peptide is suitably protected as known in die peptide art For 
example, die Boc- or carbobenzyloxy-group is prefisned for protection of tbt amino group, 
especially at die a position. A benzyl group or suitable substituted benzyl group is used to 

30 protect tiw mercapto group of cysteine, or odier diiol containing amino adds: or die 

hydroxyl of serine or dueonine. The tosyl or nitro group may be used for protection of tiie 
guanidine of Argor die inudazole of His, and a suitably substituted carbobenzyloxy group 
or benzyl group may be used for die hydroxyl group of Tyr, Ser orThr. or die e-amino 
group of lysine. Suitable substimtion of die carbobenzyloxy or benzyl protecting groups is 

35 ordio and/or para substitution widi chloro, bromo, nitro or mediyl, and is used to modify 
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tfaexeacdvitycf thejmtt^ Cystemeandodiersullur^onta^ 
may also be protected by fonniudon of a disulfide with a tiiioalkyl or tfiioaryl group. Except 
for the Boc group, die protecdve groups arct most conveniendy , diose which are not 
removed by mild acid treatment These protecdve groups are removed by such methods as 
S catalytic hydrogenadon, sodium in liqiud ammonia or HF treatment as known in die art 

Jf solid phase methods are used, the peptide is built up sequentially stardng from die 
carboxy tenninus and worldng toward the amino terminus of the peptide. Solid phase 
syndiesis is beguQ by cpvalendy attaching die C temnnus of a protected arjuno acid K> a 
suitable zesin, svcbas a benzhydiylamine redn (BHA), mediylbenzhydrylamine resin 

10 (MBHA) orchloroinediyil rpsin (CNfR), as is generally set fordi in U.S. PatentNo. 
4^244,946. ABHA orNffiHA suppcMresinisusedfiortfaecaiboxyierini^ 
pnxiuctpqytideistDbeacarboxamide. A CMR support is gienerally used for die carboxy 
temunus if d^ produced peptide is to be a carboxyl group, aldiou^ diis may also be used 
to produce a carboxamide or ester* 

15 Modification of die terminal amino group of the peptide is accomplished by 

alkylation or acetylatim as is generally known in die art These modifications may be 
canied out i^n die amino add prior to incorporation into die peptide, or upon die peptide 
after it has been synthesized and die temtinal amino group fib 
protecting groups have been removed. 

20 lyjpicafiy.acetyiation is carried out upon die fimannnogr^ 

anhydride or acdraied ester, of the cdnesponding allgrl add, in die presence of a tertiary 
amine. Mono-aiDcylation is canied om most conveniendy by reductive alk^ 
annno group with ^an appropriate afiphatic aldehyde or ketone in die presence of a mild 
reducing agmt,sucli as fidutmi or sodium cyanoborohydrida Diall^lation as well as 

25 quatemization may be carried treating die amino group with an excess of an alkyl hafide 
in the presence of a base. 

Sdution synthesis of peptides is accomplished using conventional mediods used to 
form amide bonds^ Topically, a protected Boc-amino acid which has a free carboxyl group 
is coupled to a protected amino add which has a free amino group using a suitable 

30 carbodiinride coupfing agent, such as N, N* dicyclohexyl carbodiimide (DCC), optionally 
in the presmce of catalysts such as 1-hydroxybenzotriazole (HOBT) and dimediylamino 
pyridine (DMAP). Odier methods, such as die formation of activated esters, anhydrides or 
add halides, of the finee carboxyl of a protected Boc-amino add, and subsequent reaction 
widi die fiee armne of aprotected amino add, optionally in die presence of a base, are also 

35 suitable. For exan^le, a proi^ted Boc-amino add orpeptide is treated in an anhydrous 
solvent, such as mediyl^ chloride or tetrahydrofuran (THF), in die presence of a base, 
such as N-mediyl i^iorphblinef or a trialkyl amine, with isobutyl chloroformate to form the 
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mixed anhydride, whicii is subsequendy reacted widi die fiee amine of a second protected 
amino acid or pq)dde. The peptide fnmed by diesemediods may be deprotected 
selectively, using conventional techniques, at the amino or carboxy terminus and coupled to 
odier peptides or amino adds using similar techniques. After die pqptide has been 
5 completed, the protecting groups may be removed as hereinbefore described, such as by 
hydrogenation in die presence of a palladium or platinum catalyst, treatment widi sodium in 
liquid anmx>nia, hydrofluoric acid, trifluoroacetic add or alkali. 

Esters are often used to protect the temiinal carix)xyl group of peptides in solution 
syndiesis. TheymaybeconvenedtocarboxyUcacidsby treatment with an alkali metal 
10 hydroxide or carbonate, such as potassium hydroxide or sodium carbonate, in an aqueous 
alcoholic solution. The adds may be converted to odier esters via an activated acyl 
intermediate as previously described 

The amides and substituted amides of this invention are prq)ared from carfoo}^Iic 
adds of die peptides in much die same manner. Thus, ammonia or a substimted amine may 
15 be reacted widi an activated acyl intermediate of an anuno-protected a-amino add or 

oligopq>tide to produce the amide. Use of coupling reagents, such as DCC is convenient 
£ar fonning substituted amides from die carboxylic add itself and a suitable amine. 

In addition, the methyl esters of this invention may be converted to the amides, or 
substituted-amides, direcdy by treatment widi ammonia, or a substituted amine, in methanol 
20 solution. A medianol solution of die methyl ester of die peptide is saturated widi ammonia 
and stirred in a pressurized reactor to yield the simple carboxamide of die peptides. 
Pcocedtses for the detomination of die inhibition constant (Ki) by Dixon analysis are 
described in die art, eg., in Dreycr, et al. Proc. Natl. Aca d. Sci, U S A.. 86, 9752-9756 
(1989). A peptidolytic assay is employed using die substrate Ac-Arg-Ala-Ser-Gln*Asn- 
25 Tyr-Pro-Val-Val-NH2 recombinant HIV protease as in Strieker, et al.. Proteins, fi. 
134-154 (1989). The lower Ki value indicates a higher binding afBnity. 

Pharmaceutical compositions of die compounds of diis invention, or derivatives 
diereof, may be formulated as solutions or lyophilized powders for parenteral 
administration. Powders may be reconstituted by addition of a suitable diluent or odier 
30 pharmaceutically acceptable carrier prior to use. The liquid formulation is generally a 
buffotd, isoK)nic, aqueous solution. Examples of suitable diluents are normal isotonic 
saline solution, standard 5% dextrose in water or buffered sodium or ammonium acetate 
solution. Such formulation is especially suitable for parenteral administration, but may also 
be used for oral administration or contained in a metered dose inhaler or nebulizer for 
35 insufQation. It may be desirable to add exdpient such as polyvinylpyrrolidone, gelatin, 
hydroxy cellulose, acacia, polyediylene glycol, mannitol, sodium chloride or sodium 
citrate. 
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A piefmed qnxq^ for parBnteral administration may additionally be comprised 
of a quantity of the coti^ound encapsulated in a lipob^ Hie liposome may be 
formed by dispersion of the con^unds in an aqueous phase with phospholipids, with or 
without cholesterol, using a varieQr of techniques, including convendonal handshaking, 
5 Ugh pxessuie extrusion, reverse phase evaporation and microfluidizadoa A suitable 
method of making such conipo^tions is more fully disclosed in copending Application 
Serial No, 06/763,484 and is incorporated herein by reference. Such a carrier may be 
q)tionally directed towaxd its site of action by an immunoglobulin or protdn reactive with 
the viial particle or ^ifbcted cells. The choice of such proteins would of course be 

10 dependent upcm tiie antigenic detetminants of tiie infecting vims. An exanq)le of such a 
piotdn is iht CDMl T-cell glycoprotein, or a derivative tiiereof, such as sCD-4 (sohible CD- 
4), which is reactive witii die glycoprotein coat of die human immunodeficiency virus 
(fnV). Such piotekis are disclosed in copending Application Serial No. 07/160,463, 
^di is inccnporated herdft by reference. Similar targeting proteins could be devised, by 

IS mefliods known to tiie ait, for otiier viruses and are consider 
invention. , 

Alternatively, diese conq)ounds may be enc^sulated, tableted or prepared in a 
emulsion or syrt^ or oral administration. Pharmaceuticaliy acceptable solid or liquid 
carriers may be added to enhance or stabili^ the composition, or to facilitate preparation of 

20 die conqjosition. liquid carriers include syrup, peanut oil, olive oil, glycerin, saline and 
water. Solid caiiiers include starch, lacb)se, caldum sul&te dihydrate, terra alba, 
magiifiyiimt fiteafftte nr stearic add, talc, pectin, acada, agar or gelatin. The carrier may also 
indude a sustained release material such as glycerol monostearate or glycen>l distearate, 
atone or widi a wax. The amount rfsolid carrier varies but, preferably, will be between 

25 about20mgto about Igp^dosage unit The pharmaceutical preparations are made 

following die conventional tedmiques of pharmacy involving milling, mixing, granulating, 
and compressing, when necessary, for tablet fonns; or milling, mbdng and filling for hard 
gdatin capsule forms. When a liquid carrier is used, die preparation will be in die form of a 
^rup, elixir, emulsion or an aqueous or non-aqueous suspension. Such a liquid 

30 formulation may be administaed dfaectiy p.o. or filled into a soft gelatin capsule. 

For rectal administration, a pulverized powder of the compounds of diis invention 
may be combined witii exdpient such as cocoa butter, glycerin, gelatin or polyetiiylene 
^ycols and molded into a suppository. The pulvCTized powders may also be compounded 
witii an oily preparation, gel, cream or emulsion, bufifered or unbuffered, and administered 

35 tfarou^ a transdermal patdi. 

Tins invention is also a metiiod for treating viral infection, particularly infection by 
retcovimses, which iponiprises administering a compound of fomiula I to a patient infected 
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with a susceptible virus. TTie method is paiticulariy applicable to infection by the Human 
Immunodeficiency Wiius, type 1. When the compounds of this invention are used to induce 
anti-viral activity in patients which are infected with susceptible viruses and require such 
treatment, tiie mediod of treatment comprises the administration orally, parentetally, 
5 bucally» trans-deimally. intravenously, intramuscularly, rcctally or by insufflation, of an 
efifeetive quantity of ifae dtosen compoond. prefenUy dispersed in a pharmaceutical carrier. 
Dosage units of the active ingredient tne sdected fiom the range of aOS to 30 mg/kg of 
body weight Dosage units will typicaBy be finmn 50 to 1000 mg. These dosage units may 
be administBted one to ten times dafly for acute or cbronic infection. The dosage will be 
10 leadOydeterimined by one skiUed in the artand win depend iipon the age, weight and 

condition of die patient, and die route of adminismarion. Combination tiienq)y as described 
in Eur. Pat Appl. No. 337 714 at pages 42-47 are included herein. 

TTie Examples which follow serve to illusdate tius invention. The Examples are 
intended to in no way limit die scope of diis invention, but are provided to show how to 
IS maiw and use die compounds of dus invention. 

In the Examples, all temperatures are in <tegrees Celsius. Amino acid analyses were 
peifoimed upon a Dkmai Autoion 100. Analysis for peptide content is based upon Amino 
Add Analysis. FAB mass spectra were performed upon a VQAab mass spectrometer 
using fast atom bombardment NMR spectra were recorded at 250 MHz using a Briiker 
20 Am 250 spectrometer. Multipficities indicated arc: s»sing]et d-doublet t-triplct, q-quanet, 
m-multq)let and far indicates a broad signal. 

Purification of RrrawnNnant HTV Pmf«i^ 

Mctiiods for expressing recombinant HIV protease in E.coli have bee described by 
25 Debouck. et aL, Proc. Nati. Acad. ScL USA. 84, 8903-6 (1987). TTic enzyme used to 
assay die compounds of tiiis invention was produced in diis manner and purified from die 
cell pellet as previously described by Stickler et al. Proteins. ^ 139-154 (1989). 



EXAMPLES 

30 

Exampm 

Preparation of nS.5S^.^.^.rii«.m{n/vd.hvdiinTvh>.pn.n.. I 

Preparation by die Procedure of Scheme 1: 



35 a) 1.2:4.5.dianhvdro-D.f.|.Vflmhitnl <f 

Benzyl trichloroacetinndate (29. 1 mL, 201 ramol) was added to a solution of D-(+)- 
arabitol (13.9 g, 91.4 mmd; azeotropically dried widi toluene) in dry acetonioile (200 mL) 
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under Ar, and the mixtuxe was sdned overnigfat Hie sdution was concentrated by rotaiy 
evaportion, dissolved in ediyl acetaie (500 niL), washed i^th 5% NaHCOs (2x30 mL) and 
brine (30 mL), diitd ova: Na2S04 and concentrated The residue was dissolved in dry 
TEIF (500 mL) and cbUed to -ICf C» and solid sodium methylaie (1 LI g, 205 mmol) was 
5 added with mechai^cal stirring under Ar. After 20 min the mixture was poured into ether 
(Z5 ])» filtered thitmgh glass fiber filter paper to remove sodium methylate, and 
concentrated by rotary evaporation at 30^C The residue was purified by flash 
cbromatbgraphy (siBca gel, 3:2 eth^entane) to provide the titled compound 9 (3.96 g, 
341 mmot 37% yield). 

10 

b) L2;4,5^iMihydi^3-fO'bgngyl)-IV(t)-ft^^^ 10 

Bexizyl bixaxMt (8.92 mL» 75 mmol) was added to a slurry of NaH (L8 g. 75 
mmoO in THF (9 noQL); The mixture was cooled to -lO^C under Ar, and compound 9 
(3.90 g, 34 mmol) in TEIF (9 mL) was added dropwise widi sdrring. The ice bath was 
15 removed, and the mixture was aUo wed to wannbri^^ The 
mbcture was diluted with 1% acetic add (100 mL), and extracted with ediyl acetate (2x250 
mL). The organic extracts were washed with 5% NaHCX)3 (75 mL) and brine (75 mL), 
dried over Na2S04^ and concentrated. Rash chromatography of die residue (gradient^ 0- 

4% ethyl acetate in pentane) provided the titled confound 10 (3.88 g, 17.2 mmol 55% 
20 yield). iRNMR (0003): 5 7.4-7.1(5H, m) 4.75(1H, d; J = 12 Hz). 4.65(1H, d; J = 12 

Hz), 3.2(1H, m), 3.05(1H, m), 2.9(1H, t; J = 7 Hz), 2.8(2H, m), 2.65(2H. m). 

QS.4SVl^IXi^diy.2,4^hvdrpxv>3>benzvloxvpentan^ 11 

To L65 g (8.0 mnK>l) of ccmipound 10 in 50 mL watw and 50 mL dioxane was 
25 added 6.5 g (lOD max)^ NaN3 and 340 mg (1 mmol) tBtni*n-butylammonium bisul&te. 
The reaction mbcture was heated under reflex for 4 hr, cooled, and concentrated to ca. 50 
mLvoIuine by rotary evaporation, and extracted witiietiiy The 
combined organic extracts were dried (Na2S04) and concentrated to an oil, which was 
combined with etiienhexane (1:1) and allowed to crystallize at 4^C to provie 1.76 g of titled 
. 30 compound 11 (69% yield). iHNMR (COas): 5 7.5.7.3(5H, m), 4.6(2H, dd; J = 12 Hz). 

4.0(2H. m), 3.6-3.0(6H, m). 

d\ f2S,4SVLS-diazidcK2.4-di>fmethanesulfonvloxvV3>benzvloxvpe^ 12 

To 630 mg 1^15 mmol) of bisazide diol 11 in 6.0 mL of pyridine was added 350 
35 pL (4JS mmol) methanesulfpnyl chloride at O^C The reaction nuxmre was allowed to warn 
to 25°C and stirred for 26 hr, tiien was diluted witii 12 mL 6 N HQ, and extracted with 100 
mL mediylene cMoride. The organic layer was washed witfi 3% NaHCX)3, dried (Na2S04) 



wo 92/00750 



-19- 



PCrA]S91/04757 



and ooncentnted. Flash chromatography of the residue (95:5 CH2C12:etber) provided 867 
mg (90% yield) of the titled compound 12. »HNMR (CDQa): 5 7.4-7.2(5H, m), 5.0- 
4.7(4H, m), 4.02(2H dd, J = 3 Hz). 3.9-3.5(4H. m), 3.15(3H. s). 3.10(3H. s). 

S C) (2S.4S)-l.l-4^i-n^-cail)onbenzvloicviminoV3-hen»vlnT v nmtiinft 1.1 

To 310 mg (0.69 mmol) of the compound 12 of step (d) in 2 mL diy THF at (fC 
was added 1.5 mL (1.5 mmol)lMLiAIH4 in THF. The mixture was allowed to wann to 
25*C and stincd overnight Water (0.1 mL) was added, followed by 0.1 mL 15% NaOh 
and 0.4 mL water. The mixture was stirred vigorously with 10 mL ether and filtered. 

10 Goncentration of tiie ctiier layer provided teh crude WsaaWdine, which was dissolved in 5 
mL CH2a2 and combined witii 200 pL (1.4 mmol) triethylamine and 200 nL (1.4 mmol) 
ofbcn^lchlorofonnate. The mixture was stirred at IS'C for 3 hr, tiien fflteicd. The 
filtiate was concentrated and die residue was purified by flash chromatography (ediyl 
acetatethexanes 1:5) to provide 89 mg (28% yield) of tiie tided con^wund 13. iHNMR 

15 (400 MHz; CDOs): 5 7.4-7^15H, m). 5.0(1H, d; J « 12 Hz). 4.93(1H. d; J = 12 Hz). 
4.88(1H. d; J « 12 Hz). 4.84(1H, d; J « 12 Hz), 4.74(1H, d; J « 12 Hz). 4.39(1H, d; J = 
12 Hz), 2.82(1H. t; J - 6 Hz), 2.6(1H. m), 2.45(1H. m), 2.25(1H, d; J « 6 Hz), 
2.15(1H, d: J = 6 Hz), X04(1H. d; J - 3 Hz). 2.02(1H. d; J - 3 Hz). MS (Da NH3): 
nVz473.1(M+). 

20 

f> GAJSV3.5-di-fcarbonbenzvlnxvaniinoV4-he n2vloxvheptflnft ^ 

To a suspension of Cul (72 mg, 0.375 mmol) in IJ mL ether at -25°C was added 
OJ mL 1 J M CH3U in etiier. The resulting colorless solution was cooled to -45'*C and a 
solution of Wsaziridine 13 (10 mg, 0.02 mmol) in 0.5 mL edicr was added. After stining at 

25 -45'C for 1 hr. die mixture was allowed to warm to 1 0"C over a period of 6 hr, tiien was 
stined for an additional 2 hr. The mixture was dhilted with 2 mL saturated aqueous NH4a 
and ImL saturated aqueous NH3,tiien was extracted witii^er. The organic layer was 
washed widi tmne. dried (Na2S04) and concenoated to provide die tided compound 14 
(10 mg). IHNMR (CDQs): S 7JZ(15H. m), 5.2-4.9(4H, m). 4.93(1H. d; J = 12 Hz). 

30 4.88(ia d; J = 12 Hz). 4.84(1H. d; J » 12 Hz), 4.7X2H, d: J = 12 Hz). 4.4(2H. d; J = 12 
Hz). 3.7(2H. m). 3.4(1H, d; J « 2 Hz). 1.6(4H. m). 1.0(3^ t; J « 7 Hz), 0.9(3H. t; J = 7 
Hz). 



35 



g) (3S.5SV3.5-diaminf)-4.hvdroxvheptane t 

The product of step (f) is stirred wiUi 20% Pd(0H)2 on carbon (50% by weight) in 
0. 1 N medianolic HQ under an atmosphere of hydrogen for 24 hr. Filtration and removal 
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of solvents provides the titled compound 1, as the diiqrdiocbIorid& s^ wheidn and 
ate hydrogen and R;^ and are ediyL 

Pteparation by the Procedme of Scheme 2: 
5 «^ f3R.SRV3. ^ihvdmxv.4-ben2vl(Mcvheptane IS 

To a su^ension of Oil (143 mg, OJS mmol) in 3 mL ether at •3S*'C was added 
methyUidnam (1 ooL, 1^ Min edien I J nund). The resulting coloiless solution was 
stinedat-30°Cii9r30noin,tiiencooIedto-78"C A solution of bisepoxide 10 C78mg, 
0,37 mmnl) in 2 iriL after was added. The reaction was allowed to warm to 25"C over 4 
10 far, die saturated iqii^usNI^a and concentrated aqnu Hientixoire 
was extracted wh ether, die oiganic layer was dried over Na2S04 and the solvent was 
removed to fumish die tided conapound ^3 mg, 100% yield). iRNMR (CDQa): 5 7.4- 
7.1(5H, m). 4.7(lli d; J = 12 H2). 4.55(1H. d; J = 12 Hz). 3.9-3.7(2H. m), 3.2(1H, 
dd). 2J(2H, b), 1;6-1.4(4H. m), 1.0(3H, u J = 7 H20. 0.9(3H. t; J a 7 Hz). 

15 

h\ m.5RV3J-meth anesnlfQnvloxv^benzvloxvheptane 16 

Medianesolfpnyl chknide (03 mL) was added dropwise to diol 15 (93mg) in 
pyridine (ImLXatO'CL The mixture was aUowed to wann to 25«C After 12 hrdie mixture 
was ditotBdwidi 6QM 6N HQ (10 noL) and extracted widiCH2Cl2- Hie organic extract 
20 was washed witii 3% NaHCC^, dried over MgS04. and concentrated. The residue was 

purified by flash clwnitttQgrcqihy to provide die tided conqwund (83 mg. 56% yield). 
IHNMR (0)03): 8 7.4.7i(5H, m), 4.75 (IH. m). 4.7(1H. d; J « 12 Hz), 4.6(1H, d; J = 
12 Hz), 4J8(1H, m). 3.9(1H, dd; J « 2.6 Hz). 3.0(3H. s), 2.9(3H, s). 2.1-1 J(4H. m). 
1.05(3H. t; J - 7 Hz), 1.0(3H t; J = 7 Hz). 

25 

r^ S.SV3.«w!ia«df>^henzvloxvhePtane 17 

A mbctnre of Usmesylate 16 (83 mg. 0J21 mmol) and sodium azide (0.5 g 7.7 
mmol) in IJ mL diniediylformamide was heated to 70'C for 12 hr. After cooUng. ediyl 
acetate (20 mL) was added and die mixture was ftltered and cbncenffated. Flash. 
30 doomatography of die residue provided the tided compound (54 mg, 90% yield). ^HNMR 
(CDa3): 8 7.4-74(5H, m). 4.65 (2H. s), 3.5-3.2(3H, m). 2.0-1.5(4H. m), 1.1(3H, t; J 

= 6 Hz). 1.05(3H, t; J * 6 Hi). 

AY n<t SSV3.S.diaiTiino.4-benzvloxvhemane 18 
35 To 328 mg (1.14 nimol) bisazide 17 in 5 mLTHF at O^C was added 200 mg 

LiAIH4. The mixt^ was alk)wed to warm to 2S*'C and was stirred for 5 hr. Thereaction 

was quenched by addition of 0.5 ihL 15% NaOH, stirred for 15 min, diluted widi 150 mL 
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ether and filtered Concentration of the filtrate provided the tided compound (278 mg, 100% 
yield). >HNMR (CDds): 5 726(5H, m). 4.5 (2H. dd; J = 12Hz). 3.1 (IH, dd; J = 4.6 
Hz). 2.9(1H, m), 2.75(1H, m), 1.8.1.0(1QH, m), 0.9(3H, t; J = 7 Hz). 0.85(3H. t; J = 
Hz). 

5 

To die diandne product 18 (52 mg) in 4 mL methanol was added 50 mg 20% 
Pd(OI^ on cartxm and 2 drops concentrated aqueous HQ. The mixture vrasstined under 
an atmosphere of H2 for 16 hr, Aen was filtered and concentrated to provide die dded 
10 compound 1 (53 mg) as the dihydrocfaloride salt *HNMR (CD3OD): 5 3.75(1H. dd; J = 
4.7 Hz). 3.2-3.0(2H, m), 1.8-1.4(4H, m), 0.9(6H, t; J = 7 Hz). 

Example 2 

ftenantjonoffSS. 5.S)-3.S-di^alanvlftlanvl^fniiift^hvdmxvhenti>n#. 1. 

15 

a) (3S.5SV3,5-di-(carbobenzvloxvalanvlalanvn«mino-4-henzYl axvheDtflne 19 

To die diamme product 18 of Example 1. step (k) (87 mg, 0.37 mmol) in 6 mL 
DMF was added 221 mg (0.75 nunol) carbobcnqrloj^alanylalanine, 1 15 mg (0.75 mmol) 
HOBT, and 154 mg (0.75 mmol) DC3C The mixtare was stirred overnight, then was 

20 ooncenttatedttako) up in ediyl acetate, filtered, washed widi water and brine and diitd 
(MgS04). Removal of solvent foUowed by MPLC (siUca; 2% medianol in CHjP^i) 
provided die titled compound (109 mg), iHNMR (DMSO-d^): 8 8.0-7.2(21H. m). 
5.0(4H, bs), 4.6(2H, dd; J - 12 Hz), 4.2(2H, m). 4.0(2H. m). 3.8(1H. m), 3.7(1H. m). 
3J(1H. dd; J a 4.7 Hz). 1.7-1.3(4H. m). 1.1(12H. m). 0.75(6H. t). 

25 

b) f3S.5SV3.5-di-fnlanvlfllanvnamino-4.hvdm xvhentane 2 

To tfie product 19 of step (a) (4.5 m^ in 1 mL DMF was added 10 mg to 20% 
Pd(0H)2 on carbon. The mixture was stirred under 1 atmosphere of H2 for 6 hr, tiien was 
filtered and concentrated to provide die tided compound 2 (3 m^ wherein and x2 are 
30 AlaAla and r1 and are ediyl. »HNMR (CD^OD): 5 4.3(2H. m), 3.8(2H, m), 3.7(1H. 
m), 3.5(1H, m), 1.8-1.2(16H. m), 0.8(6H. dt). 

Example 3 

EtBDantion of f3S,5SV3.5-di-fcaThohenzvloxvviilvnflmino^hvHm«vlii»ptn.^^; 3, 
35 To 133 mg (0.5 mmol) Cbz-Val in 2 mL TEIF at -40"C was added 65 ^L (0.5 

mmoI)of isobutylchloroformatc. After stining for 10 min a solution of 25 mg (0.17 mmol) 
diannne hydrochloride land 50 ML NMM in ImL DMF was added. Themixturewas 
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Oowfyvnm^W'XPCt^^ to wasdikitedwidi eifayl acetate, washed 

withS%HCI,5% NaHCX)3.aiidbriiie and the organic layer was conoenttated. The 
ledibe was ]miifi«l by flash dmxnaiogrqihy (edi^ aomteshexanes) to 
compoand 3 (18 mg) wherein and X2 are Cbr-Val and r1 and r2 are etfiyl. ^HNMR 
5 (CDa3): 5 7J-7 J(10H, m), 6.9(lH.hr d), 6.35(ia br d). 5.5(H. br d), 5^(1H, br d), 
5.1(4a br s). 4.0-3.1(dH. m), 2.4-2.1(211, m). 2.0-1.4(4H. m), 1.0-0.8(18H, m). MS 
(FAB): m/z 613JZ(M4'H)^. 

10 Pigparatimi of r gS.4SV2.4.di-fglMvlfllanvl^aimno-3-hvdrDxv-l.S-diphenvlTX^ A 

»\ flR 4RV.2 4^ihvdroxv-^henzvloxv-1.S-dinhenvlpentane 20 

To a sospe^^cm ofCiiI<191ing,l nsmol) in edier (S noL) at -&fC was added 
idien^lidiiuin (4.0. mU 2.0 nimo^ 0.5 M in edier; fie^y prepared from bnnnobenzene and 
IS lidiinmwire), llienuxtmswas wainwdto-S(}°C,dimrecooledtt>-78*'C Asoludonof 
Insepoxide 10 (40.ing, 0.19 mmol) in ether (1 ooL) was added. The mixture was allowed to 
wann to 2S**C oyer 6 hr with stining. After an additicmal 12 hr, ifae mixture was diluted 
with edier and washed with 20 mL of 1 :1 concentrated aqueous ammoniarsaturated 
NH4CL. The Organic was dried over MgS04 and concentrated. The residue was 

20 purified 1^ medium-isessure liquid chromatography (1:4 ediyl acetaie:hexanes) to provide 
die dded confound 20 CZ2 mg, 30% yield) as a colorless solid. ^HNMR (CDCL3): 5 7.S- 
7.0)15H,m), 4.75(ia d; J*12 Hz). 4.55(1H. d; J=12 Hx), 4.2(2H, m). 3.3(1H, m), 3.0- 
2.7(6EI,m). 

25 M ^s.4.SV2.4.dUa^anvlalanvl^amino-3-hvdroxv-1.5-dii>henvlpentane 4 

The titled compound 4 wherdn and }^ are AlaAla and and are PhCH2 is 
prepared frrai ooitifX)udd 20 i)y the procedures of Exanqile 2. 

30 Pigpariirion of r 4R.fflV4.6.dianiinQ.S-hvdioxvAg-dimethvl-1.8-nonane' S. 

flV r4R.6RV4.fi -rfihvdroxv-5-henzvloxv-2.8-dimethvl-1.8-nondiene 21 

To a suspension fo Cul (192 mg, 1.0 mmol) in ether (2 mL) at -60*C was added 
isq>nq)enyllithium (5.2 mL, 2.0 mmol; 038 M in ether, freshly prepared from 2- 
35 bramcpropene and littiium wire), the mixture was warmed to -45'*C then recooled to - 
78''C A soludon bisepoxide 10 (60 mg, 0129 imnol) in ether (5 mL) was added. The 
nnxture was allowed to warm to O^C over 2 hr with stirring. The mixture was diluted with 
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ether and washed widi 5 mL of 1;1 concentrated agaeoiis Mnrnnqiarsatiirated NH4a. The 
oiganic layer was dried over MgS04 and concentnued to provide die tided compound 21 
(81 mg. 96% yield) as a colorless solid. iRNMR (CDOLs): $ 7.3(5H, m), 4.9(1H. bs), 
4.85(1H, bs), 4.80(1H. hs), 4.65(1H, d; J«12 Hz), 4,58(1H, d: J»12 Hz). 4.0(2H, m), 
5 3,3(1H. dd; J«2.5 Hz), 2.55(1H, d; J«6 Hz), 2.55(1H, d; J=4 Hz). 2.5.2.I(4H, m), 
1.7(1H. 8). 

b) f4R.6R>-4.6-dihvriroxv.5.hi»nTvlnifV.2.8-din»>thvlnnnnn^ 2? 

To the product 21 of step (a) (105 mg, 0J8 mmol) in CH2CI2 (1 mL) was added 
10 55 mg Ir(CX)D)Py(PCy)3PF6 (Crabtree catalyst). The mixture was stiired for 6 hr under 1 
atmo^here H2, dien was filtered and concentrated to provide the titled compound 22 (110 
mg, 100% yield). iRNMR (GDQs): 6 7.3(5H, m), 4.6{1H, dd; J=12 Hz), 4.0(2H, m), 
3.1(1H, br s). 2.7(2H, br s), 2.0-l.l(6H, m). 1.0-0.8(12H. m). 

1^ C) f4R.6RV4.6-di-fmethanftSiilftOTvlnvv^.^lv.nTvln«v-? R-Hi methvlnnnanP 7^ 

Medunesolfonyl chloride (0:25 mL) was added dzopwise to diol 22 (93 mg) in 
pyridine (ImL) at 0»C The mature was allowed to waim to 25*0 After 10 hr the mixture 
was diluted with cold 6N HQ (10 mL) and extracted witfi 01202. The organic extract 
was washed with 3% NaHCXJa, <Wed over MgS04, and concentrated. He residue was 

20 purified by flash chromatography to provide the titled compound 23 (210 mg). ^HNMR 
(CDCI3); 5 7.4(5H, m). 5.0(1H, d; J=12 Hz). 4.7(1H, m). 4.6(1H, d; J=12 Hz). 

3.85(lHx dd; J-4.7 Hx). 3.0(3H, s), 2.0(3H. s), 2.0-l.l(6H, m), 1.0^.9(12a m). 

d) f4R.6R)-4.6-din7ido.S-henzvlnxv-2.8-ditneth Ylnonane 14 

25 To the product 23 of step (c) (210 mg) in 2 mL DMF was added 870 mg (15 mmol) 

NiBN3. The mucture was heated to 70"C for 7 hr, then was cooled and diluted with ethyl 

aoeiaie. The filtrate was concMtrated and the readue was purified by MPLC(eUiyl 
aoetate:hexanes 1:20) to provide die tided compound 24 (52 mg). iHNMR (CDQa): 6 

73(5H. m), 4.55(2H, dd; J-12 Hz). 3.4.3.15(3H, m). 2.0.1.1(6H, m). 1.0.0.75(12H, 
• 30 m). 

e) . f4S.6SV4.6-diamino-5-henzvloxv-2«-ri imethvlnnnan«> 

To die product 24 of step (d) (52 mg, 0.15 mmol) in THF (3 mL) was added 80 mg 
LiAlH4 (2 mmol) at 0 "C The mixone was stirred at 25 X overnight, then was quenched 
35 witfi IN NaOH and dUutcd witii etfier (50 mL). Filtration and concentration provided die 
tided compound 25 (44 mg) as a coloriess oil. 'HNMR (CDCI3): 8 7.3(5H, m), 4.6(2H, 
dd; J « 12 Hz). 3.1(1H. m). 3.05-2.95(2H, m). 1.9-1.1(6H. m). 1.0-0.8(12H. m). 
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ft f4R.6R^^.6^iiamino-5-hvdroxv-2.8-dimethvl-1.8.TionanediahvdTO 5 

To 165 mg of diamine 25 fiom step <e) in 10 mL medianol containing 5 drops of 
cone. HQ Mras added 100 mg 20% Pd(0H)2 on carbon. The mixture was stiired ovonight 
under 1 atm H2, thiai was filtered and concentrated to provide the tided conapounds 5 (75 
5 mg) vibexdk aoid are hydrogen and and r2 are isobuQrL ^HNMR (Ci>30D): 5 
3.7(1H. m), 3^(1H, m), 1.8.1.0(6H, m). 0.99-0.8(12H. m). 

Pnspararion of f4R.6Ri^.6-di^almvliJ»mvl^amino-5.hvdrPx 6 

10 

f4R.6RV4.6-di-f(Mriidienzvloxvalanvlalahvl^no-^^ 
nonane 26 

To die prpdact 25 of Example 5, step (e) (44 mg, 0.15 mmol) in 2 mL DMF was 
added 110 mg Cbz-AlaAla (0.375 mmol). 58 mg (0J75 mmol HOBT, and 72 mg (0.375 
15 mmQl)DCC The auxtoie was stiired for 48 hr at 25 *'Cdien was diluted widi 20 mL ethyl 
acetate and filtcaed. the filtrate was concmtrated and the residue was puiified by MPLC 
(gradient, 0-5% medianol in CH2C32) ^ provide the tided compo un d 26 (24 mg). 
^HNMR (CD3QD): S 8.0-7.2 (21H. m), 5.0 (4H. ovedapping dd). 4.2 (2H. m). 4.0 (4H. 
m), 3J (la br s); i.7-1.15( 18H. m). 0.9-0.7(12H, br t). 

20 

(hi f4R. 6RU.6-DUalanvlalanvnaniino-5-hvdroxv-2.8-diniedivl -1.8-nonane 6 

To the product 26 of step (a) (12 mg) in 2 niL DMF was added 50 mg of 20% 
Fd(QI02 on carbon. The mixture was stirred under 1 atmosphere of H2 for 10 hr. then 
was diluted widi medianoU filtered and concentrated to provide the dded compound 6 (7.5 
25 mg) wherein aiid are AlaAla and and R^ are isobutyL ^PINMR (CD3OD): 5 

4.25 (2H, m), 3.8 (IH. m), 3.65 (2H. m), 3.1 (IH, br d). 1.6-1.1 18H, m), 0.7 (12H, br 
d). 

Example 7 

30 Preparation of r4R.6R V4.6-di-carbobenzvlcftv^amino.5-hvdroxv-2.8-dimethvl- 1 .8-nonane 

To 6.0 tug of Ac bis-amine hydrodilotide product 5 in 0.5 mL 01202 at 20°C 
were added 5 mL iriediylanaine and 10 inL bens^l cMorofoimate. After 3 hr sdning, the 
mixture was applied to a silica oolutnn and eluted widi 01202 foUotwed by eAer to 
35 provide the tided opmpound 7 (4.6 mg)^ wherdn X^ and X^ are Cbz and r1 and R^ are 
isobu^L IHNMrJ (0X35): 8 73 (lOH. bs), 5.1-4.9(61^ m), 3.9.3.7(2H, m). 3.5- 
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335(2H, m; IH exchangeable with D2O). 1.7-U(4H, m). 13-1.2(2H, m), 1.1-0.8(12H. 
m). 

5 pHyliwticwofaPffi^^-<U^U» >1^v^hM«vloxvv^ll^ 

iifiDans-8 

The dtled compound 8 wherein xl and x2 are Cbz-Val and Rl and r2 are isobutyl 
was prepared by die procedure of Example 3, except using compound 5 in place of 
compound 1. ^NMR (250 MH2,CDa3) 7.5-7^8 (m, lOH). 6.8 (br s, IH), 6.3 (br d. 
10 IH). 5.6 (br s. IH), 5^ (br d. IH). 5.1 (br s. 4H), 4.5-3 J (m. 6H). 1.5-2.5 (m. 6H). 
0.6-1.0 (m, 24 H). 

P,^ararinnofm.4SVLS-diphenvL3.hv Hm»v-2.4.biirfben2vtexvcarfaonvlaminQValiW^^ 
15 nminn^pentflne 40. 

a) 2R,4R)-l,2,4^-dianhydio-3-benzyloxyarabitol 33 

To a solution of 15.2 g (100 mmol) of D(+)-aiBbitol in 350 mL of pyridine cooled in an ice 
boifa was added 38.8 g (2(0.5 mmoO of p-n)hienesulfonyl chloride in small portions. 
20 Sdned for 3 h. warmed to room temperature, poured to 500 mL of ether. Ether layer 

separated, aqueous lay^ exnactcd with 800 mL of ether. The combined organic layers were 
washed widi 400 mL of 3% sodium bicarbonate, dried over anhydrous magnesium sulfate 
and solvents removed in vacuo to give 34.17g (74%) of die ditosylatc 32. ^HNMR 
(CD3COCD3) 8 7.75 (d. 4 H. J= 7 Hz). 7.25 (d, 4 H, J= 7 Hz). 4.4-3.5 (m. 7 H). 3.2 

25 (b. 3 H). 2J (s, 6H). 

To 10 g (55-60% in dl. 230 mmol ) of sodium hydride in 300 mL of THF was 

added at 0° a solutbn of the bistosylate 32 in 200 noL of THF and sdned vigorously for 1 
h. Theieacdon mixture was treated with dropwise addidon of 12 noL of bensyl tromide in 
10 mL of THF and stiired at 0* for 1 h. Allowed to warm to loom tenqjcraiure and stincd 

30 ovoraght<Juenched with 50 niL of water, diopwise at 0». Extracted with ethe^^ 

with water, dried over anhydrous sodium sulfate and solvents rnnoved in vacuo. The 
reddual dl was filtered dwo silica gd (first eluted with hexane to remove unreacted benzyl 
bromide and then ethyl acetate Hexane ,1:4) to yield 9.0 g of the bisepoxide as a slight oU. 
Further purification was acheived by flash chromatography (alica, ethyl acetate,hexane 

35 1:10) to give 6.10 g of die diepoxide 33. iHNMR (CDCI3, 250 MHz) 8 7.4-7.1 (m, 
5H), 4.75 (d, IH, J= 12 Hz), 4.65 (d, 1 H, J= 12 Hz), 3.2 (m, IH). 3.05 (m. 1 H). 2.9 
(t. 1 H, J= 7 Hz). 2.8 (m, 2 H). 1 65 (m, 2 H). 
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b) C2R,4R)-l,5-diphenyl*3-ben2yIoxy-2,4-dihydroxypentane 34 

To a suspension of 199 g (15 J inmol)ofof copper(l)iodidein30niLofTHF 
was added 18 ni of 1.8 M Phenyl litWum in cyctohexane ( (fieshly opened botde). The 
5 reaction nuxture was warmed to -50" and lecooled to -78« and a solution of l.Olg (4.9 
nanol) of the tns^oxide 33 inlO mL of THF was added and allowed to warm to room 
temperatme and stined overnight Processed as usual to give 1.75 g of of the diol 34 as ai 
cSL THtmation widi edieB^iekane gave 1.45 g (82 %) of a colorless solid. Anal <::alcd for 
q24H26Q3: 07933). HC7^); Fbund: C(79.25). Ha.l^; MS(Da NH3) (M+H)+ 
10 364.5: »HN»^ (COas. 250 MHz) 5 7.4-6.8 (m. 15 H), 4.62 (d, 1 H. 12 Hz), 4.5 
(d,lH,J»12Hz).4.2(m.2H).3J(dd.lH.J= ), 2.8 (m. 4 H). 

c) (2R,4R)-1.5-diphCTyl-3-ben^loxy-2,4-Ks(nMtfianesulfonyloxy)pentane 35 and 
(2S,4S)-13-diph«iyl-3-ben^l6xy-2,4-diazidopentane 36 
15 To 400 mg of the diol in 5 mL of pyridine at 0* was added 1 mLof methane 

sulfonyl chloride and sti^cd for 18 h at room temperature. Poured into 20 mL of ice cold3 
N hydrochloric ad<i extracted with 50 mL of metiiylene chloride, washed with 3 % sodium 
bicarbonate dried over anhydrous sodium sulfate and solvents removed in vacuo to give 
1.20 g of 35 as an dl. 

20 The above crude product was dissolved in 5 mL of DMSO and added L^^ 

nanoD of sodium aiade. TT^ 

an additional 8 h. T^ reaction was cooled, dibited witii edier and unreacted sodium azide 
was filteied off. IIk combi^ 

chromatogr^hy to give 285 mg of an insqHuable nuxture of monoazide 36, (2S,4S)-1> 
25 diphenyl-3-benzyloxy-4-a2idoi)ent-l^e, and bisazide 37 in tiie ratio 70: 30 as caclulated 
fiom^HNMR. 

d) (2S,4S)-l,5-dii*enyl3-ben2ylojqr-2,4-diaminop«itane 38 

To 279 mg of flie mixture of azide products (36+37) obtained above in 10 mL of 
30 diethyl ether at 0' was added 3 of a IM solution of lidrium aluminium hydride in THF 

over 10 nnn. Stirred at 0^ for 30 min wanned to room temperature and stirred for 3 h. 

Cooled in an ice batii and quenched witfi 1 mL of 10% sodium hydroxide, diluted with 

etiier and stirred fi»r 2 h. Hie precipitate was filtered off timju^ celite and washed with 

cti«r. Removal of sbiyents foltowed by chroinatography on 10 g floiisU (hexane. etiiy 
35 acetate:hexane 1:4, then nietfuujo) gave 112 mg of pure diamine 38. »HNMR(CDa3, 

250 MHz) 8 7.2 (m. 15 H), 4.7(d, 21 H, J= 12 Hz). 4.5 (d, 21H. J« 1 H), 4.1(m. IH), 

2.3-3.2 (m. 6 H). 
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e) (2S,4S)-l,5HfiphenyI-3^ydiDxy-2,4<iiaininopentane 39 

62 mg of Ac diamino compound was subjected to hydrogenadon in 10 mL of 
nedianol containing 75 mg of cone, hydrochloric add over 25 mg of Pd/C Sdned for 8 h, 
5 catalyst was ffltered off and washed wiAmedantARcnwval of solvents ga^ 
solid which on trituraticra with hexane edier provided 48 mg of die pure diamine 
as die hydrochloride. ^HNMR (CD3OD, 250 MHz) 5 7.4-6.9 (m. 10 H), 4.1 (bd, IH. 
Ja 6 Hz). 3.5-3.7 (m. 2 H), 2.5-3.4 (m. 4 H). 

10 f) (2S,4S)-l,5-diphenyl,3-hydroxy-2,4-bis(benzyloxycarix)nyIaminovaUnyl- 
amino)pentane 40 

Hie dded product was prepared by die nrixcd anhydride mediod ftom 37 mg (0.107 
mmol) of die diamine hydrochloride. 150 mg of Cbz-Val, 98 of N-med»yl moipholine 
and80MLofisobutylchlorafotmate68mgofawhite8olid. Analytical samples were 
15 prepared by flash cdumn chromatognphy ( silica, 10% MeOH/CHzaz). MS(ES/MS) 
(M.H)+ 735; IHNMR (CDa3. 250 MHz) 5 7.4-7.0 ( m. 20 H), 6.1 (d. IH, J= 7 Hz). 
5 J (d, IH. J= 7 Hz), 5.0 (m. 8 H), 4.0 (m. 2 H), 3.6 (m. 2 H), 2,8-3.4 (m. 4 H), 22 
(m. IH). 1.85 (m. IH). 0.9 (d, 3 H. J- 7 Hz), 0.86 (d, 3 H, J- 7 Hz), 0.7 (d. 3 H. J= 7 
Hz), 0.55 (d. 3 H, J- 7 Hz). 

20 

Example 10 

PrCParatiffll of Sdi-fcart)0hen7vloxvalanvli.l«,nvnaminn^hvHm>y],^p|fln^ ffft , 

a) (2R,4R)-l>dia2ido-2,4-dihydroxy-3-ben^loxypentane 41 

25 To 1.65 g (8.0 mmol) of bisepoxide 33 in 50 mL watw and 50 mL dioxane was 

added 6J g (100 mmol) NaN3 and 340 mg (1 mmol) tetra-n-butylammonium bisal&te. 
The reaction mixtuie was heated under reflux for 4 hr, cooled, and concentrated to ca. 50 
niL volume by rotaiy evaporadon, and extracted widi ediyl acetate (3x50 mL). TTie 
combined organic extracts were dried (Na2S04) and concentrated to an oil, which was 

30 combined widi widi edienhcxane (1;1) and allowed to ciystallize at 4*C to piovide 1.76 g of 
die tided compound (69 % yield). ^HNMR (CDQs): S 7 J.7.3(5H. m). 4.6(2H. dd: J « 
12 Hz), 4.0(2H, m). 3.6-3.0(6H. m). 

b) (2R,4R)-1.5-diazido-2,4-di-(medianesulfonyloxy)-3-ben2yloxypentane 42 

35 To 630 rag (2.15 mmol) of bisazido diol 41 in 6.0 mL of pyridine was added 350 

HL (4 J mmol) medianesulfonyl chloride at OPC The reaction mixwie was allowed to 
warm to 25"C and stirred for 20 hr, dien was diluted widi 12 mL 6 N Ha and extracted 
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wiA 100 mL methylene chloride. Hie organic layo- was washed with 3% NaHC03, dried 
(Na2S04) and conccnirMed. Flash chromatography of the residue (95:5 CH2C12:ether) 
provided 867 mg (90% yield) of the tided compound. ^HNMR (CDQs): 8 7.4-7 2{5R, 
m), 5.0-4.7(4H, in>. 4;02(2H, dd. J « 3 Hz), 3.9-3J(4H. m), 3.15(3H, s), 3.10(3H, s). 

5 

c) (2S,4S)-l,2:4,5Hii-(N<azbaiNsnzyloxyimino)-3-ben^loxypemane 43 

To 310 mg (0,69 omioi) of the compound 42 in 2 niLdiy THF at 0^ was added 
15 mL (1 J mmol) 1 M liAHU in THF. The mixtare was allowed to warm to ZS'C and 
stirred overnight. Water (0.1 mL) was added, foUowed by 0.1 mL 15% NaOH and 0.4 mL 

10 water. The mixture was stirred vigorously with 10 mL ether and filtered. Concentration of 
the ether layer provided the crude bisaaridine, which was dissolved in 5 mL CH2Ci2 and 
combined witii 200 \sL (1.4 mmbl) triethylanunc and 200 jiL (1.4 mmol) of benzyl 
chlotofbrmate. The inixdire was stirred at 25*0 for 3 hr, tiien filtered. The filtrate was 
concentrated and die residue was purified by flash duoma»>graphy (etiiyl acetaichexanes 

15 1*^ to provide 89 ing (28% yield) of the titled compound. iHNMR (400 MHz; CDQs): S 
7.4-7:2(15H. m). 5.0(1H d; Jt 12 Hz), 4.93{1H. d; J « 12 Hz), 4.88(1H, d; J = 12 
Hz), 4.84(1H, d; J - 12 Hz), 4.74(1H, d; J - 12 Hz). 4J9(1H, d; J - 12 Hz). 2.82(1H. 
t; J » 6 Hz), 2.6(1H, m), 2.45(iH, m), 2.25(1H, d; J « 6 Hz), 2.15(1H, d; J = 6 Hz). 
Z04(1H. d; J « 3 Hz), Z02(1H, d; J - 3 Hz). MS (Da NH3): m/z 473.1(M+). 

20 

d) (3S,5S)-3,5^-(carbobenzyloxyamino)-4-benzyIoxyheptane 44 

To a suspension of Cul (72 mg, 0375 mmol) in 15 ni ctiier at -25*'C was added 
0.5 mL 1.5 M CHsLi in ctiicr. The resulting coloriess solution was cooled to -45''C and a 
solution of bisaziridine 43 (10 tng„ 0.02 mmol) in 0.5 mL etiier was added. After stirring 

25 at -45'C fcff 1 hr, die mixmre was allowed to warm to lO'C over a period of 6 hr, tiiem was 
stined for an addtional 2hr. The mixture was diluted witii 2 mL saturated aqueous NH4a 
and 1 mL satiirated aqueous NH3. tiien was extracted witii etiier. The organic layer was 
washed witii Imne, dried (Na2S04) and concentrated to provide tiie tided compound (10 
mg). IHNMR (Ca)dl3): 8 7.2(15H, m), 5.2^.9(4H, m), 4.93(1H. d; J « 12 Hz). 

30 4.88(1H, d; J - 12 Hz), 4.84(1H» d; J - 12 Hz). 4.7(2H, d; J - 12 Hz). 4.4(2H. d; I = 
• 12 Hz), 3.7(2H, m)i 3.4(IH, d; J - 2 Hz), 1.6(4H, m). 1.0(3H, t; J = 7 Hz), 0.9(3H. t; J 
• 7 Hz). MS(DCUW3) 
(M+H)+ 505.1 

35 e) (3R,5R>3,5-dihydroxy-4-benzyloxyhcptane 45 

To a suspension of Cul (143 mg, 0.75 mmol) in 3 mL etiier at -35°C was added 
metiiyllitinum (1 mL. 1.5 M in etiier, 1.5 mmol). The resulting colorless solution was 
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Stared at -30»C for 30 min, then cooled to -WC. A solution of Wsepoxide 33 (78 xng. 
0.37 mmol) in 2 mL ether was added. The reaction was allowed to wann to 25*C over 4 
hr. the saturated aqueous NH4a and concentrated aqueous NH3 were added. The mixnire 
was extracted with ether, the organic layer was dried obver Na2S04 and the solvent was 
5 removed furnish the titled compound (93 tag, 100% yield). iHNMR ((3303): 8 7.4- 
7.1(5H. m). 4.7(1H, d; J « 12 Hz), 4.55(1H, d; J = 12 Hz), 3.9-3.7(2H. m). 3.2(1H. 
dd), 2^(2H, b). 1.6.1.4(4H. m). 1.0(3H. t; J « 7 Hz). 0.9(3H, t; J = 7 Hz); 
MS(DCI,NH3) (M+H)+ 239^ 

10 f) (3R,SR)-3,5-Medunesulf<myloxy-4-ben37lo>7heptane 46 

Methanesulftmyl chloride (0,3 mL) was added diopwise to diol 45 (93 mg) in 
pyridine (ImL) at 0*C The mixture was aUowed to warm to IS^C After 12 hr the mixture 
was diluted with cold 6N HQ (10 mL) and extracted with 01202. The organic extract 
was washed widi 3% NaHCOs, dried over MgS04, and concentrated. TTie residue was 

15 purified by flash chromatography to provide die titled compound (83 mg, 56% yield). 

IHNMR (COas): 8 7.4-7.2(5H. m). 4.75 (IH, m), 4.7(1H. d; J = 12 Hz). 4.6(1H. d; J 
« 12 Hz). 4.58(1H, m), 3.9(1H, dd: J = 2.6 Hz). 3.0(3H, s), 2.9(3a s), 2.1-1.5(4H, 
m). L05(3H, t; J « 7 Hz). 1.0(3H, t; J = 7 Hz). 

20 g) (3S.5S)-3.S.diazido-4-benzyloxyheptane 47 

A mixture of bismesylate 46 (83 mg, 0.21 mmol) and sodium azide (OJO g, 7.7 
mmol) in IJ mL dimediylfbrmamide was heated to 70*C for 12 hr. After cooling, ethyl 
acetate (20 mL) was added and die mixture was filtered and concentrated. Flash 
chromatography of die residue provided die tided conqiound (54 mg, 90% yield). ^HNMR 

25 (CDa3): S 7.4-7.2(5H, m), 4.65 (2H, s). 3.5-3.2(3H. m), 2.0-1 J(4H, m). 1.1(3H. t; J 
»6Hz).1.05(3H.t;J = 6Hz). 

h) (3S,5S)-3,5-diamino-4-benzyloxyhcpiane 48 

To 328 mg (1.14 mmol) bisazide 47 fixmi step (j) in 5 mL THF at 0°C was added 

30 200mgLjAlH4. The mixture was aUowed to warm to 25*0 and was stirred for 5 hr. The 
reaction was quenched by addition of OJ mL 15% NaOH, stiired for 15 min. diluted with 
150 mL ether and filtered. Concentration of die filtrate provided die tided compound (278 
mg. 100% yield). »HNMR (CDCI3): 8 726(5H, m). 4J (2H. dd; J = 12Hz). 3.1(1H. 
dd; J a 4.6 Hz). 19(1H. m). 2.75(1H. m), 1.8.1.0(10H. m), 0.9(3H, t; J = 7 Hz). 

35 0.85(3H.t;J = 7Hz). 
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i) (3S,SS>3,S-diaaiino-4-hydzDx^iqitaiie 49 

52mgc^^ diaiidnepro(!hict48 ln4ii)LineAanQlwasaddedS0mg20% 
Fd(OI% on caiboa ahd 2 drops concentrated aqueous HCL The mixture was stined under 
an atmo^hae of for 16 hr, then was filtered and concentrated to provide the tided 
5 compoand (53 ta0 as the dihydrochloride salt ^HNMR (CD3OD): 5 3.75(1H, dd; J = 
4.7 Ifc). 3.2-3.0(2H. m), 1.8.U(«J. m), 0.9(dH, t; J » 7 Hz). 

j) (3S,5S>3,5iKfi^(carbobenzyloxyaianyManyl)ainino-4-hy SO 

To Ae dianrine product 49 (87 mg. 0.37 nraiol) in 6 mL DMF was added 221 mg 

10 (0.75 mmol) carbobenryloxyalanylalanine. 1 15 mg (0.75 mmol) HOST, and 154 mg (0.75 
mmol) DCC the nnxtiire was stirred overnight, then was ooncentratedt taken up in ethyl 
acetate, filteied»««shedwidi water and Removal of solvent 

fbUowed by MfLg (silica; 2% mednnol in CRiQH provided the tided compound (109 
mg). IHNNW (DiMSO-dfi): 8 8.0-7.2(2111, m), 5.0(4H, bs), 4.6(2H, dd; J = 12 Hz), 

15 4.2(2H. m), 4.0^ in), 3.8(1H, m), 3.7(1H, m). 3J(1H, dd; J - 4.7 Hz), 1.7-1.3(4H, 
m),l.l(12H.m). Q,75(6H.t). MSCFAB) (M+H)+ 789.3 

Example 11 

Piepararion of f3S. 5S^-:^.S-dWalanv lalflnvnamino-4-hvdTOXvheptane 5L 
20 to the product 19 (4 J mg) in 1 mL DMF was added 10 mg of 20% Pd(0H)2 on 

carbcHi. i;bemi3ai!irewassdtredunda:laiiis)sphereofH2fcr6hr,then 
cancentnited to provide the tided compound Q mg). iHNMR (CD3GD): 8 4.3(2H. m), 
3.8(2H, m), 3.7(1H, m), 3J(ia m), 1.8-1.2(16H. m). 0.8(6H, dt). 

25 Example 12 

Plgparatinn of f3S. 5SV:^.5-di-fcarfao henzvloxwalvnaniino-4-hvdroxvheptan&52. 

To 133 mg (0.5 mmol) Ojz-Val in 2 mL THF at -40°C was added 65 nL (0.5 
mmol) of NMM and 65 pL (OJ mniol)of isobutylchloroformate. After stining for 10 min 
a solution of 25 mg (0.17 mmd) <fiamine hydrochloride 1 and 50 jiL NMM in 1 mL DMF 

30 was added. The mixture was dowly wannai to 20''C and stined overnight, tfien was 
dilated widi etiiyl acetate, washed witii 5% HCI, 5% NaHC03, and brine and die wganic 
layer was concentrated. The residue was purified by flash duomatognq>hy (etiiyl 
acetatB:hexanes) tip provide die tided conqxMind (18 mg). ^HNMR (CDQs): 8 7.5- 
7 JdOH, m), 6^9(1H, bd), 6.35(1H, bd), 5.5(1H, bd), 5.25(1H. bd), 5.1(4H, bs). 4.0- 

35 3.1(6H, m), ZA^ZIOXU m), 2.0.1.4(4H. m), 1.0-O.8(18a m). MS (FAB): ra/z 
613.2(M+H)+. : 
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EMmplc 13 

Prep a ratiQnflff4.^ ffiH(Hfiamino-5-hvdmYV.2.8.diTn«fhvl.l «. n oniinedihvHnv.t^)^ rif1f 
Sft. 

a) (4R,6RH.6siaydroxy-5-ben2ytoxy-2,8HlimediyI-l,8-nondi^ 53 
5 ToasuspeiisioiiofCM(I92mg,1.0iiimd)inether(2inL)at-60»C\^ 
isoprppeoylliihiuin {52 vdL, 2.0 mmol: 0.38 M in ether, fiesUy prepared fiom 2- 
bromopropene and lithium wire). The mixture was wanned to -45*0 then recooled to - 
78«C A solution of bisepoxide 33 (60 mg, 0.29 mmol) in ether (5 mL) was added. TTic 
mixture was aUowed to wann to 0°C over 2 hr with stirring. The mixture was diluted with 

10 etiier and washed with 5 mL of 1:1 concentrated aqueous ammoniarsaturated NH4a ITie 
organic layer was dried over MgS04 and concenttated to provide the tided compound (81 
mg. 96% yield) as a colorless soUd. ^HNMR (0X33): 5 7.3(5H. m). 4.9(1H, bs). 
4.85(1H, bs), 4.80(1H. bs), 4.75(1H. bs). 4.65(1H. d; J = 12 Hz). 4.58(1H. d; J = 12 
Hz). 4.0(2H, m), 3.3(1H, dd; J - 2J Hz). 155(1H, d; J = 6 Hz). 2.55(1H. d; J = 4 Hz) 

15 2.5-2.1(4H. m), 1.7(1H. s). MS(DCU«3) (M+H)+ 291.4 

b) (4R. 6R)-4,6.dihydroxy-5-ben2yloxy-2,8Hlimethytaonane 54 

To the product 53 (105 mg, 0.38 mmol) in CH2a2 (ImL) was added 55 mg 
Ir(COD)Py(PCy)3PF6 (Ctabttee catalyst). The mixture was stirred for 6 hr under 1 
20 annosphere H2. tiien was filtered and concentrated to provide the tided compound (1 10 mg. 
100% yield). IHNMR (CDCI3): 5 7.3(5H, m), 4.6(1H. dd; J = 12 Hz), 4.0(2H, m), 
3.1(1H, bs), 2.7(2H, bs). 2.0-l.l(6H, m), 1.0^).8(12H. m). 
MS(Da,NH3) (M+H)+ 295.4. 



c) (4R,6R).4,6.Di.(medianesulfonyloxy)-5-ben2yloxy-2,8-dimethylnonane 55 

Mcdianesulfonyl chloride (0.25 mL) was added dropwise to diol 54 (93 mg) in 
pyridine (ImL) at 0»C The mixture was aUowed to wann to 25°C After 10 hr die mixtore 
wasdautedwitiicold6NHa(10mL)andextractedwithCH2a2. TTie organic extract 
waswashedwiU»3%NaH003.driedoverMgS04.andconcentiaied. Theresiduewas 
purified by flash chromatography 10 provide die tided compound (210 mg). »HNMR 
(CDClS): 6 7.4(5H, m). 5.0(1H, m), 4.8(1H. d; J = 12 Hz), 4.7(1H, m). 4.6(1H. d; J = 
12 Hz), 3.85(1H, dd: J » 4.7 Hz), 3.0(3H, s), 2.9(3H, s). 2.0.1.1(6H. m), 1.0-0.9(12H. 
m). 



35 d) (4R, 6R)-4,6Kiiazido-5-benzyloxy-2,8-dimeUiylnonane 56 

To die product 55 (210 mg) in 2 mL DMF was added 870 mg (15 mmol) NaNa. 
The mixture was heated to 70«C for 7 hr. then was cooled and diluted widi ethyl acetate. 
The filtrate was concentrated and the residue was purified by MPLC (ethyl acetate:hexanes 
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130) to provide the tided OMipound (52 nag). »HNMR«JDa3): 87.3(5H.m), 
4J5(2H.dd;J = 12Hz), 3.4r3.15(3H. m), 2.0-l.l(6H. m). 1.0-0.75(12H, m). 

c) (4S,6SH.6sli«n»AC>-5-ben2yIoxy-2,8-dimetiiylnon^ 57 
5 To the product 56 (52 mg. 0.15 mmol) in THF (3 mL) was added 80 mg LiAlH4 (2 

nim6l)atO'*C Tlieiirixtaie was sthred at 25*C overnight, then was quem^ 
NaOH and dilated with edier (50 toL). Filtruion and ooncentiadon provided die tided 
compound (44 mg)Jas a coloiiess oiL ^HSfMR (GDQs): 5 73(5H, m), 4.6(2H, dd; J = 
12 Hz). 3.1(ia m). 3.05-2.95(2H. m). 1.9-l.l(dEi. m). 1.0^.8(12H. m). 

10 

f) (4S,6SH><S-dikinino-5-hydro]^-2,8-diniediyl-l,8-nonanedihydrochloride 58 

To 165 mg of diamine 57 in 10 niL medianol containing 5 drops of cone. HQ was 
added 100 mg 20% Pd(OI02 on carbon. The mixture was stirred overnight under 1 atm 
H2, dien was filtered and concentrated to provide die tided compound (75 mg). ^HNMR 
15 (CD3OD): 8 3.7(ia m). 3.35(1H. m). 3.2(1H. m), 1.8-1.<K6H, m), 0.99-0.8(12am). 
MS(PCI. NH3) (M+H)+ 203.2. 

Preparation of (4Siffi)-4,6^"<cari»bcnjylp*yalanylalanyl)amino-5-^ 

20 dimediyl-l,8-nbnane^ 

To die ptxHiuct 58 (44 mg, 0.15 mmol) in 2 mL DMF was added 1 10 mg Cbz- 
AlaAla (0375 mmol), 58 mg (0.375 mmol) HOST, and 72 mg (0.375 mmol) DCC. The 
mixtore was stined for 48 hr at 25*C dien was dUuted widi 20 mL ediyi acetate and 
filtoed. The filtrate was concentrated and die residue was purified by MPLC (gradient, 0- 

25 5% medianol in CH2CI2) to provide die tided compound (24 mg). ^HNMR (CD3OD): 8 
8.0-7.2(2ia m), 5.0(4a overlapping dd). 4.2(2H. m). 4.0(4a m). 3.5 (IH, br s), 
1.7-1.15(18H. m), 0.9-0.7(12H. br t). 

Example 15 

30 PHTianirifmoff4S:6SV4:6^i-fal «nyliilanvnflimiKwS.h^^^ 
ItO. 

To die product 59 (12 mg) in 2 mL DMF was added 50 mg of 20% Pd(0H)2 on 
carbon. The xmxtm was stirred under 1 atmosphere of H2 for 10 hr, dien was diluted with 
medianol, filtered aad concentrated to provide die tided compound (7.5 mg). iHNMR 
35 (CD3OD): 8 4.25(2H, m). 3.8(1H, m), 3.65(2H, m), 3.1(1H, bd). 1.6.1.1(18H, m). 
0.7(12H,bd). MS(FAB) (M+H)+ 487. 
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Example Ifi 

ftSBaation of f4.S. 6.SM.6-di-fcarix)hftn2vloxv^aminn. 5.hvdroxv.2 «^imethvl.l «. 
nonane 6i. 

To 6.0 mg of the Us-andoe hydrochloride product 58 in 0.5 mL C3J2Ca2 at 20»C 
5 WW added 5 mLtrietbylainine and 10 mL benzyl chlorofint^ 

mixtute was aiiplied to a silica column and duled with CH2a2 foltowed l»y ether to 
provide the dded compound (4.6 mg). »HNMR (CDQs): 5 73(10H, bs), 5.1-4.9 (6H, 
m), 3.9-3.7(2H, m). 3J-3.35(2H, m; IH exchangeable wiUi D2O). 1.7-1.5 (4a m), 

1.3- 1.2 (2H, m), 1.1-0.8 (12H, m). 

Preparation of (28. 4SV2.4-di.fl|.tolMenesulfenvlViminn. 3.hvriiT»v.1 <Ldinh««.vlpi.ntan> 

The rifled product was prepared by sulfonylarion of compound 40 (Example 9) with 
15 p-toluaicsulfonylchtoiide in mctlQflene chloride and ffiethylamine. IHNMR (250 MHz, 
CDOS) 8.0-6.8 (m. 18H). 5.5 (d. IH. J^lBz), 5.2 (d. IH, J=7H2). 3.2-3.7 D(m. 4H). 

2.4- 2.7 (m, 4H). 2.5 (s, 3H), 2.45 (s, 3H). 



Enzyme TnhiHrinn 

20 

IhhibitiBn «f HTV p»t^«^ i^YitT 

nie inhibition assay has been previously described in Dreyer et al. Pme. Natl. 
Agad. Sri . USA. M, 9752-9756 (1989) and Moore et al. Bioeh. Bi»nh rv^ 
420 (1989). A typical assay contained 10 mL MENDT buffer (50 mlA Mes (pH 6.0; 2-(N- 
25 moipholino) ethanesulfonic acid), 1 mM EDTA, ImM dithiotiueitol, 200 mM NaCl, 0.1% 
Triton X-100); 2, 3, or 6 mM N-acetyl-I^arginyl-L-aUmyl-L-seryl-L-glutaminyl-L- 

asparaginyl-L-tyrosyl-L-proIyl-L-valyl.L-vaIinamidc(Ac-Arg-Ala-Ser-Gln-Asn-Tyr-Pro. 
Val-Val-NH2; = 7 mM); and micromolar and submicromolar concentrations of 

synthetic compounds. Following incubation at 37*C for several minutes, die reaction was 
30 hdtiated with 0.001-O.lOmg purified HIV protease. Reaction mixtuies (37T) were 

quenched after 10-20 minutes wiA an equal volume of cold 0.6 N trichloroacetic acid, and, 
fdtowing centrifUgation to renM>ve precipitated material, peptidolysis products weie 
analyzed by leverse phase HPLC (Bedcman Ulnasphere ODS. 4,5 tnm x 25 mm; mobile 
phase; 5-20% acetonitrile/H20 - .1% TFA 915 mm.), 20% acetonitrile/H20 - .1% TFA (5 
35 min) at 1.5 mL/min, detection at 220 nm. The elution positions of Ac-Aig-Ata-Ser-Gln- 
Asn-1Vr-Pro-Val-Val-NH2 (17-18 min) and Ac-Aig-Ala-Scr-Ghi-Asn-Tyr (10-11 min) 
were confinned with autfientic material Initial rates of Ac-Aig-Ala-Ser-Gln-Asn-Tyr 
formation were determined fiom integration of tiwse peaks, and typically, tiie inhibitoiy 
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properties of the synthetic compounds vveie detemnned fix)ni sbpe/inteicept analysis of a 
plot rf 1/v vs. inhibitor] (Dixon analysis). Ki values resulting firom this type of primary 
analysis are accurate for conq)etitive inhibitors only, and under conditions in which the 
Michaelis constant of tiie substrate us^ is well-determined 
5 It is deniable for the compounds of this invention to have Ki values less than 50 

pM, preferably less Aah 10 \iM and more preferably less than 1 (iM* 

Fcdlowing the procedures set forth herein and the teachings of the foregoing 
examples the compounds set forth in the following Table can be prepared having the 
structure and die sutetituent groups as designated dierein. 

10 

ynhiWiiyp pf rfflV^t fmvm^ 
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3 
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AcAIaAsn 


i-Bo 


7 


AcGlnAsn 


i-Bu 


8 


Cbz-PheAIa 


i-Bu 


9 


trifluoroAlaAla 


i-Bu 


110 


Cbz-triflunnAlaAla 


i-Bu 


1 


trifluoxoAIa 


i-Bu 


2 


Cbz-trifluoroAla 


i-Bu 


3 


Ph(CH2)2CO 


i-Bu 


4 


Boc 


i-Bu 


.115 


Ac 


i-Bu 


6 


PhSo2 


i-Bu 


7 


HOO 


i-Bu 


8 


Propionyl 


i-Bu 


9 


i-Butyiyl 


i-Bu 


120 


Pn(Crl2)2CU 


i-Bu 


1 


FnotrjVal 


i-Bu 


2 


Phenyllactoyl 


i-6u 


3 


Phenyllactoyl-Val 


i-Bu 


4 


Cbz-AIa 


PhCH2 


125 


Cbz-Val 


i-Butenyl 


0 


Cbz-Val 


2-PiDpcnyl 


7 


Cb&Val 


3-ButBnuyl 


o 
O 


Cbz-Val 


n-Pen^l 


Q 


Cbz-Val 


rn(Ul2j2" 


130 


Cbz-Val 


Cyclonexyl-CH2- 


1 


Cbz-Val 


2-Nq)thyl-CH2- 


2 


Cbz-Val 


3-Ni^thyI-CH2- 


3 


C3)2-Val 


2-Butynyl 


4 


Cbz-Val 


3-Indoylmeihyl 


135 


Cbz-Val 


trans-3-phenyl-3-pn)pcnyl 


6 


Cbz-Val 


N-Piperidinyl-CH2- 


7 


Cb^-Val 


N-Morpholinyl-CH2- 


8 


Cbz-Val 


(CH3)2N-CH2 


9 


Cbz-Val 


t-ButylNH-CH2- 



WO9Z/0ir750 



.36- 



PCrAJ^l/W757 



140 


. Osz-Val 


N-Iniidazoyl-CH2 


1 


Cbz-Val 


PhC0NH-CH2 


2 


Ca>z-Val 


N-Indoyl-CH2 


3 


Cbr-Val 


t-ButylC0NH-CH2 


4 


C3»-Val 


B0CNHCH2 


145 


; do-Val 


NH2CH2 


6 


Cte-Val 


N-benTimiriBTif^yl 


7 




PhCH20-CH2 


8 


Cte-Val 


PhO-CH2 


9 


Cte-Val 


CH3(CH2)20-CH2 


ISO 


C3»-Val 


CH3O-CH2 


1 


. Cbz-Val 


(CH3)2CHO.CH2 


2 


Cajz-Val 


t-Butyl-0-CH2 


3 


Caj&Val 


(CH3)2CHCH20-CH2 


4 


Cbz-Val 


CH3CH2(CH3)CHO-CH2 


155 


Cbz-Val 


Cyclohexyl-0-CH2 


6 


Cbz-Val 


PhCH20CH20-CH2 


7 


Cbz-Val 


CH3OCH2O-CH2 


8 


Cbz-Val 


CH3OCH2CH2OCH2PCH2 


9 


Cbz-Val 


CH3S-CH2 


160 


Cbz-Val 


PhS-CHi 


1 


Cbz-Val 


(CH3)2CHS-CH2 


2 


Cbz-Val 


CH3(CH2)2S-CH2 


3 


Cbz-Val 


CH3(CH2)3S-CH2 


4 


Cbz-Val 


CH3S(0)-CH2 


165 


Cbz-Val 


CH3S(0)2-CH2 


6 


Cte-Val 


PhS(0)2-CH2 


7 


Cte-Val 


i-Piopyl-S(0)2-CH2 


8 


Cte-Val 


n-Propyl-S(0)2-CH2 


9 


Cte-Val 


n-BuQ!l-S(0)2-CH2 


170 


CterVal 


(Ph20)2P(0)-CH2 


1 


Cbz-Val 


(CH30)2P(0)-CH2 


2 


Cte-Val 


(n-ButylO)2P(0)-CH2 


3 


Cb^Val 


(EtO)2P(0)-CH2 


4 


Cte-Ala 


(CH30)2P(0)-CH2 
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TABLE n 
0 

n 



No. 


and X2 




1 


H 


ethyl 


2 


AlaAIa 


ethvl 


3 


Ca»-Val 




4 


AlaAIa 


PhCH2 


5 


H 


irBu 


6 


AlaAIa 


i-Bu 


7 


Cbz* 


i-Bu 


8 


Cbz-Val 


i-Bu 


201 


Cbz-Ala 


i-Bu 


2 


P-Ala 


* i-Bu 


3 


^AlaVal 


i-Bu 


4 


Cbz-AIaAla 


i-Bu 


205 


BocAJa 


i-Bu 


6 

• 


AcAIaAsn 


i-Bu 


7 


AcGlnAsn 


i-Bu 


8 


Cbz-PheAla 


i-Bu 


9 


tiifluoroAlaAIa 


i-Bu 


210 


Cbz-tiifluiorAlaAla 


i-Bu 


1 


trifluoroAla 


i-Bu 


2 


Cbz-trifluoraAla 


i-Bu 


3 


Ph(CH2)2CO 


i-Bu 


4 


Boc 


i-Bu 


215 


Ac 


i-Bu 


6 


PhS02 


i-Bu 


7 


HGO 


i-Bu 


8 


Propionyl 


i-Bu 


9 


i-Butyiyl 


i-Bu 


220 


Ph(CH2)2CO 


i-Bu 


1 


PhS02Val 


i-Bu 


2 


Phenyllacioyl 


i-Bu 
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3 


; Phenyllactpyl-Val 


t-Bu 


4 


Cbz-Ala 


PhCH2 


225 


CbB-Val 


KBut^l 


6 


Cfa-Val 


2-Ptopenyl 


7 


Cbz-Val 


S-Butenuyl 


8 


Cte-Val 


n-Pcntyl 


9 


Cbz-Val 


Ifn[}^ti2)2'' 


230 


CbfrVal 


vmI m1* Am»-w *1 ^^1L3 ^ 

Cycionexyi-(Jri2- 


1 


Cbz-Val 


2rNapmyl-CH2- 


2 


Cbz-Val 


3-Napthyl-C3l2- 


3 


q^-Val 


2-Butynyl 


4 


Gbr-Val 


3*Indoylmethyl 


235 


Cbz-Val 


trans-3-phenyl'-3*piopenyI 


6 


• Cbz-Val 


N-Piperidmyl-CH2- 


7 


Cbz-Val 


N-Ntepholinyl-GH2- 


8 


Cbz-Val 


(CH3)2N-CH2 


9 


Cbz-Val 


t-fiutylNH-CH2- 


240 


Cbz-Val 


N-Iimdazoyl-CH2 


1 


Cbz-Val 


PhC0NH-CH2 


2 


Cbz-Val 


N-lhdoyl-CH2 


3 


Oa-Val 


t-ButylC0NH-CH2 


4 


Cbz-Val 


BOCNHCH2 


245 


Cte^Val 


NH2CH2 


6 


. Cbz-Val 


N-benaimdazplyl 


7 


Cbz-Via 


rnUEl2U-IJ£l2 


8 


Cbz-Val 


Jrnv/-vri2 


9 


Cbz-Val 


Crl3vCrl2)2^'^"2 


250 


Cb»-Val 


Cil30-Cri2 


1 


Cbz-Vd 


(CH3)2CHO-CH2 


2 


Cbz-Val 


t-Butyl-0-CH2 


3 


a»-Val 


vLj13;2^-^^^2^^^2 


4 


q«-Vai 


CH3CH2(CH3)CHO-CH2 


255 


Cte-Val 


CyclohexyI-0-CH2 


6 


Cbz-Val 


PhCH20CH2Q-CH2 


7 


• Cbz-Val 


CH3OCH2O-CH2 


8 


Cbz-Val 


CH3OCH2CH2OCH2OCH2 


9 


: ■ Cbz-Val 


CH3S-CH2 
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260 


Cbz-Val 


PhS-CH2 


1 


Oa-Val 


(CH3)2CHS-CH2 


2 


Cte-Val 


CH3(CH2)2S-CH2 


3 


Cbz-Val 


CH3(CH2)3S-CH2 


4 


C3n-Val 


CH3S(0)-CH2 


265 


Cte-Val 


CHiS(0)i-CH'> 


6 


a»-Val 


PhSfOb-CHo 


7 


Cbz-Val 


i-Pronyl-SfOo-CH'? 


8 


Cbz-Val 


' n-ProDvl-SfO^o-CHo 


9 


Oiz-Val 


n*Biitvl*SfOV)-CH') 


270 


Cbz-Val 


(Ph20)2P(0)-CH2 


1 


Cbz-Val 


(CH30)2P(0).CH2 


2 


Cbz-Val 


(n-ButylO)2P(0)-CH2 


3 


Cbz-Val 


(EtO)2P(0)-CH2 


4 


Cbz-Ala 


(CH30)2P(0)-CH2 
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Claims: 

h Aompoimdof Aefonnulal orll: 

RV R2 R2 

Ao O 

5 / I n 

wherein and axe the same or different and are A-(6)n* where n = 0-2; and 

B is, independently, an a-amino acid chosen from the group: Ala, Asn, Cys, Tip, 
Oly, Gin, He, Leu, Met. Phe, Pro, Ser, Thr, Tyr, Val, His, or trifluoroalanine, wherein the 
10 amino group of B is bonded to A or die carboxy group of the adjacent residue B, whichever 
is appropriate, and the carfooxy group of 6 is bonded to the amino group of the adjacent 
residue B or I or n, whichever is ^appropriate; and 

A is covfdendy attached to die amine group of the adjacent residue B or to the amine 
group of I or nif n^, qnd is: 
15 1) trityl 

2) hydrbgm, 

3) Ci-C^alkyU 

4) r3.<X> wherein r3 is: 
a) hydrogen, 

20 b) Ci - alkyl unsubstimted or substimted with one or more 

hydroxyl groups, chlorine atoms, or fluorine atoms, 

c) phenyl or naphthyl unsubstituted or substituted with one or more 
substiments R^, wherein R^ is: 

i) Ci- C4alkyl, 

25 ii) halogen, whrein halogen is F, Q, Br or I, 

iii) hydroxyl, 

iv) nitro, 

v) Ci • C3 alkoxy, or 

vi) -CO-N(R10)2 wherein rW is, independently, H or Ci-C4allcyl; 
30 d) a iSh? member heterocycle such as pyridyl, fiiryl, or benzisoxazolyl; 

5) phthaloyl wherrin the aromatic ring is unsubstituted or substimted with one 
or more substimteiits R4. 

6) r5(r6r7Qjjj^o- wherein m = 1-3 and r5, r6, and R? are independently: 

a) hydrogen, 
35 b) cMorine or fluorine. 
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c) Ci-Csalkylunsabsdmted or substituted vnth one or inorecMorine 
or fluorine atoms or hydimcyl groups, 

d) hydroxyl, 

e) phoiyl or m^hthyl unsubsdtuted or substituted widi one or more 
5 substitiitents R^, 

0 Ci - C4 alkoxy, 

g) a 5-7 member hetenxyde, 

h) r5, r6, and R^ may be independendy joined to form a monocyclic, 
UqwIiCi or triqrdic ting systnn each ring oil which is CyC^ cycIoallQrl: 

10 7) r5(r6r7q„w- wherein m » 1-3 and W is OCX) or SO2 and r5. r6 and 

r7 are as defined above, except r5, r6, and r7 are not chlorine, fluorine or hydroxyl if 
fh^ are adjacent to W; 

8) rS-W- wherein r8 is a 5-7 membw hetcrocyde such as pyridyl fiiryl, or 
benzi8(»ca2DyI; 

15 9) R^-W- wherein r9 is phenyl or m^hdiylnnsubstiuited or substimtedwidi 

one or more substituents R^, 

10) R5.(R6R7c)m.P(0)(ORl 1). wherein Rl 1 is Ci • C4 alkyl or jdienyl; 

11) r8-P(0)(0R11).; or 

12) r9-P(0)(0R11).; 
20 -RlandR2 

are die same or different and are: 
1) -CH2RI2 wherein r12 is 

a) NH-A wherein A is defined as above; 

b) R5-(R6R7c)ro.; 

c) r5-(r6r7c)„jV- wherein V is O or NH, except r5 r6 and r7 are 
25 not hydroxyl, chlorine or flumine if ttiey are acUacent to V. 

d) R5.(R6R7q)jj,.s(0)n- wherdn m = 1-3 and n = 0-2 and r5 r6 
and r7 are as defined above except r5, r6, and r7 are not hydroxyl, chlorine or fluorine if 
th^ are adjacent to sulfur, 

c) R8-S(0)n.. 
30 f) R9-S(0)n-. 

g) (R130)P(0)(0r14). wherein Rl3 and r14 

are, indq)endendy: 

i) C1-C6 alkyl, 

ii) Cs'CgcycIoalkyl, 
iU) H, 

35 iv) r9. 

V) R8. 

h) Rl3p(OXORl4).. 
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i) N(R»0)2. 

j) NR15r16 wherein r15 and Rl^aiejoined to fom a 4-6 memb^ 
saturated mtibgencms heterocycle including: 
i) azetidinyl, 
5 ii) pynolidinyl, 

iii) jnperidnyl. 

iv) moipholinyl, 

k) r17cxH20 wherein is: 

; i) Ci-Cealkyl. 

10 ii) 

iii) CHiAr wherein Ar is phenyl, naphthyi or a 5-7 membered 

heteio^le, 

D RI70CH2CH2OCH2, 

m) N-inudazolyl wh^ the imidazole ling is unsubsdtuted or substituted 
IS by a substituent R^, ; 

n) N-Benzhmdazolyl where the fused benzene ling is unsute 
substituted by one or more substituents R^, 

P) (^2 * ^ alkynjd, optionally substituted with one or more groups R^; 

20 P) C2-C6alkenyl,optinally substituted widi one or more gropus r9: 

2) hydrogen, 

3) Ci - alM» unsubstituted or substituted with one or more chlorine or 

fluorine atoms or hydroxyl groups, 

4) C3 - C7 cycloaUcyU and phamiaceutically acceptable salts thereof. 

25 

2. A compound as defined in claim 1 wherein the conq>ound has the structure I and 
wherein Rl = r2 and XU x2 

3. A confound as defined in claim 2 wherdn R^ and r2 are Ci-CgalkyL 

30 

4. A compound as disfined in claim 2 wherein rI and r2 are benzyl 

5. A compound as defined in claims 1-4 wherein and x2 are selected fiom 
AlaAla, Val» CSz-Val, Cbz or hydrogen. 

35 
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6. A conqjound of claim 1 wherein the protease activity inhibitor constant Ki is less 
than about 10 ^M. 

7. Aconq)oiindacoordmgtoclaiin Ifiortiseinainedicainent 

5 

8. A phanxiaceutical composition compriang a cranpoond according to claim i and 
aphannacedcally accqMable earner. 

9. A method of tieadng infection by a retrovirus vMdi comprises administering a 
10 compound according to claim 1. 

10. A method according to claim 9 wherein die retrovirus is die Human 
Immunodeficiency \^rus type 1. 

1^ 11> A process for preparing a compound of the formula: 

R' R* 



OR" 
wherein R' is 

1) a) NH-A whHtin A, R5- RlO and m are as defined in claim 1; 
20 b) r5-(r6r7q^.. 

c) r5.(r6r7c)„ v- wherein V is 0 or NH, except r5. r6 and r7 are not 
hydroxyl, chloiiite or fluorine if diey are adjacent to V, 

d) R5-(R6r7q„.S. wherein m = 1-3, and R5, r6 and r7 are as defined 
above except r5. r6 and R7 are not hydroxyl, ddorine or fluorine if tfiey are adjacent to 

25 sulfur, 

e) R8-S-, 

f) R9.S-, 

g) (R130)P(0)(0R W). wherein r13 and RW are, independendy: 

i) Ci-Cgalkyl. 
30 ii) Cs-Cgcycloalkyl, 

Hi) H. 
iv) R9,or 
V) R8. 

h) Rl3p(0)(ORl4)., 
35 i) N(RlO)2, 
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j) NR15r16 wherein r15 and R16 arc joined to fbnn a 4-6 membered 
satumed nitrog^s heteiocycle including: 

i) azeddinylt 

ii) pynotidinyl» 

5 iii) piperidinyl, or 

iv) morphoIinyU 
k) r170CH20 wherein r17 is: 

i) Cl-C^alkyl, 

ii) r9 or 

10 iii) CH2Ar wherdn Ar is phenyl* naphtfayl or a 5-7 membered 

heteiocycle, 

1) RI70CH2CH2OCH2. 

m) N-inddazolyl where die imidazole ring is unsubsdtuted or substituted by 
asubstituentR*, 

15 n) N-benzimidazolyl where the fused benzene ring is unsubsdtuted or 

substituted one or more substituenis R^, 

o) C2-C5 alkynyU optionally substituted with one or more groups R^; or 
p) C2-C5alkenyl, optionally substituted with one or more groups R^; 
2) hydrogen, 

20 3) C1-C5 alkyi, unsubsdtuted or substituted with one or more chlorine or fluorine 

auims or hydroxyl groups, or 
4) Cs-Cjcycloalkyl; 

R" is a hydroxy! protecting group, R"' and R*^ are hydrogen, an amino-piotecting group 
or taken togetiier are N2t 
25 which comprises 

1) reacting a compcaind of tiie formula: 



R"0 



30 witii a compound R'-Z, wherein Z is a moiety which renders K nucleophilic, 

2) converting die resulting hydroxy groups todisplaceable groups, and 

3) reacting die displaceable groups with a nitrogen nucleophile. 
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10 



12. Acomponndofdiefoniula: 

■ 



^3 

OR" 

m 

wberdnR'is: 

1) a) NH-A wherein A, R5 - RlO and m are as defined in claim 1- 

b) R5-(R6r7q^.; 

c) r5.(r6r7c)„ v. wherein V is O or NH, except r5 r6 and r7 are not 
hydroxyl, chlorine or fluorine if they are adjacww to V, 

d) r5.(r6r7q^.s. wherein m = 1-3. and r5. r6 and r7 are as defined 
above excei>t r5 r6 and r7 are not hydroxy 1, chlorine or fluorine if they are adjacent to 
sulfur, 

c) r8.S., 
0 R9-S., 

15 g) (Rl3o)P(0)(ORl4). wherein r13 and rW are. independendy 

i) Ci-Ceallcyl, 

ii) Ca-CgcycloalkyI, 

iii) H. 

iv) r9 or 
20 V) r8. 

h) Rl3p(0)(0RW)., 

i) N(RlO)2, 

j) NR^5Rl6whereinRl5andRl6arejoinedtofonna4-6inembercd 
saturated nitiogais heterocycle including: 

25 i) azetidinyl, 

ii) pynolidlnyl, 

iii) piperidinyl, or 

iv) moipholinyl, 

k) Rl7cxaj20 wherein Rl7 is: 

30 i) Cl-C6alkyl. 

ii)R9.or 

iu) C3l2Ar wherein Ar is phenyl, naphthyl or a 5-7 membered 

heterocyde, 

1) Rl7cX3i2CH20CH2, 
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m) N-ixnidazdyl where the imidazole nng is unsubstimted or sub^^ 
asubsdtuentR'f, 

n) N-benziinidazoIyl where the fused benzene ring is unsubstituted or 
substituted by one or more substituents R^, 
5 o) C2-C^aIkynyl, ppdonaUy substituted with one or more groups R^^ 

p) C2*C6 alkenyl, optionally substituted with one or more groups R^; 

2) hydipgen, 

3) Cj-Cg all^l, unsubstituted or substituted with one or more chlorine or fluorine 

atoms or hydroxyi groups, or 
10 4) C3'C7cycloaIkyl:and 

R" is a hydioxyl protecting group. 



13. A compound of the formula: 




HO" Y ^OH 
OR- 
IS IV 
wherein R* and R" are as defined in claim 12. 



14« A compound of the fonmula: 

o; 



pro 

20 V 
wherein R" is a hydroxyi protecting group. 
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those daima of the tntemaUonal ap^leatlon tar which fees were paid, apacificat^ ctaims: 



No raqidiad addlbonal op arch feaa were timely paid by the applicant Conaaquently. this Intemtllonal aaareh report la restricted to 
the invention firai owinlloiiad In the claims; U is covered by claim numbara: 



4.n As all sesrchable daima. could be aearched without effort iustifylhg an additional lea, the international Searching Authority did not 
" invite payment of any addittpnal fae. 

Remark on Protest 

Q The additional search IMa waia aceompanlad by appOcant'a piotaat 

□ liopretastacieoamtdqdthaiMymairtofaddit^ 



